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INTRODUCTION 
Introduction of the European Corn Borer into tiie United States 
The European corn borer, Pyraasta nubilalls (Hbn.), was 
first discovered in the United States in the vicinity of 
Boston, Massachusetts, in 1917, probably brought over from 
Europe in shipments of broom corn in the Interval from 1909 to 
1914. By 1924 there were three main areas of infestation, 
one in Eastern New Ingland, a second in Eastern New York, and 
a third in the Lake Erie area. By 1926 the areas of infesta­
tion had spread eastward from Lake a'ie and westward from the 
Eastern New York area and coalesced. From that time on the 
spread was much slower but nevertheless relentless until at 
the present time it is found in all major corn growing areas 
of the United States and Canada. 
Extensive Investigations into the bionomics of this in­
sect have been carried out by Barber (6), Caffrey and Worthley 
(14), Huber, Neiswander, and Salter (22), and Arbuthnot (3) in 
the United States and by Stirrett (31) in Canada. The larval 
habits, larval establishment, moth flight and oviposltional 
habits have been investigated with reference to ecological and 
meteorological factors affecting them. 
The Biology of the Ihiropean Corn Borer 
The life cycle of the European corn borer consists of the 
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egg stage, usually five larval Instars, a pupal stage, and 
the adult moth. 
The egg stage 
The eggs are laid In masses of from 1 to 162 individual 
ova with an average of 15 to 20 eggs, according to Caffrey 
and lorthley (14). Stirrett (31) gives a value of 15.8 for 
Chatham, Ontario, The individual egg Is thin, scale-like, 
with a somewhat convex upper surface and a flat under surface. 
On the average they are 0.97 mm in length and 0.74 mm in 
width. At the time of oviposition the eggs are greenish 
white, changing to yellowish two days before hatching. Fol­
lowing this shortly they attain the blackhead stage, so-
called because the black larval head capsule is visible 
through the transparent chorion. The Incubation period 
usually lasts from 4 to 5 days. 
The eggs are usually laid on the underside of the leaves 
of the corn plant, although they have been found on almost 
all of the aerial portions of the plant, Stirrett (31) 
states that 94,44^ of all egg masses in his study plots were 
laid on the underside of the leaves, 5.01% on the upper sur­
face, and 0.55^ on the stalk. 
Egg mortality may be due to low fertility, to the action 
of predators and parasites, and to mechanical dislodgement 
from the corn plant. The following mortalities, in 
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percentages, for tbe above egg population depressants are: 
non-fertile, 3.8^, Stirrett (SI); destroyed by predators, 
2,8%, H-uber et al. (22); dislodged, 11.2^, Huber et al. (22), 
and 1 to 54%, Stirrett (31). 
The larval stages 
The full-grown larva has an average length of from 20 to 
23 mm. The body is dirty white, shading from a light, or 
dark brown, to pink on the dorsum. The five instars are best 
differentiated by the width of the prothoracic shield which 
grows in discrete steps at each molt. The average measure­
ments of the prothoracic shield as given by Caffrey and 
Worthley (14) arej First instar 0.25 mm, second instar 0.41 
mm, third instar 0.71 mm, fourth instar 0.98 mm, and the 
fifth Instar 1.72 mm. 
Soon after hatching, the first instar larvae tend to wan­
der from the point of attachment of the egg-mass. Only those 
larvae which reach the protection of the whorl have a good 
chance of surviving. Larvae which move toward the margins 
or tips of the leaves may drop and hang by means of a silken 
thread spun from the modified salivary glands. It is at this 
time that dissemination of the corn borer larvae by wind 
currents is possible. 
The second and third instar larvae are principally ex­
ternal feeders although found mainly in the protected 
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environment of the leaf whorl. Some thirds will toe found tun­
neling within the leaf mid-rib. 
At about the fourth instar the larvae tend to become borers 
but by then larval mortality has been heavy. Huber e^ al. 
(22) give a mortality of 68.6% up to this stage. Huber e^ al. 
(22) give a total larval mortality for the entire larval 
period of 91.9% for the year 1928. Stirrett (31), at Chatham, 
Ontario, gives a corresponding average total larval mortality, 
for a period of ten years, of 72.1%. 
The pupal stage 
The average length of the pupa has been given by Caffrey 
and Worthley (14) as IS to 17 mm. In color they are yellowish-
brown with brown to black extremities, the intensity of the 
coloration increasing with the age of the pupae. This stage 
is usually found in the larval tunnel or occasionally on the 
underside of the leaves. 
The adult 
The adult is a moth of a general yellowish coloration, 
the male is smaller tlian the female, and with a reddish brown 
to grayish jRiscous cephalic wing. The female wing span is 
25 to 34 mm and the male wing span is 20 to 25 mm. Stirrett 
(31) states that the moths fly from one half hour before, to 
3-5 hours after, sunset. 
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Life cycle at Ames, Iowa 
The length of the life cycle is variable depending on 
climatic conditions prevailing. At Ames, Iowa, tiie over­
wintering larvae which transform to adults emerge as moths 
toward the last week In May to the first week in June. The 
larvae work in the corn until the second or third week in 
July at which time pupation takes place. Toward the last 
week in July to the first week in August the moths lay the 
eggs which give rise to the second generation. The second 
generation larvae reach the fifth Instar by fall, in which 
form they hibernate. The fifth instar larvae surviving the 
winter pupate in the spring and the emerging moths give rise 
to the following year's first generation. Although the Euro­
pean corn borer here in Iowa is predominantly bi-voltine the 
number of generations is variable depending on climatic con­
ditions. One to seven generations are known elsewhere. 
Formulation of the Problem 
Population specifications 
The economic entomologist has come to realize that statis­
tical procedures are powerful research tools and the ttse of 
statistically designed experiments has increased considerably 
in the past two decades. A common statistical tool in use is 
the analysis of variance, but this technique, although not 
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excessively sensitive to deviations of data from normality, 
is nevertheless based on normal theory. In order to examine 
the departure of larval populations of the European corn 
borer from normality it has been deemed advisable to deter­
mine the mathematical model which best describes the distri­
bution of this insect. 
In using the term normal, or normality, a specific 
mathematical model with the formula 
J = ^ e ® 0-2 , -00<x<oo , 
v^ cr 
is to be understood, which depends on two parameters, the 
2 population mean^ and the population variance cr , which are 
not functionally related. 
Transfornffi tlons 
For non-normal data various transformations have been sug­
gested, Bartlett (7), which will make the sample variance inde­
pendent of the sample mean and may even normalize the data. 
Beall (11) developed a transformation applicable to data in 
which the variance and the mean are functionally related 
It is intended, in this thesis, to examine the transformation 
applicable to data on the :airopean corn borer. Its effective­
ness in making the sample variance Independent of the sample 
7 
mean, and the possible approach to normality of the trans-
fomed data. 
Efficiency of size and shape of plot 
In the early decades after the introduction of the Buro-
pean corn borer Into this country the emphasis was placed 
primarily on investigations of the bionomics of this insect. 
With the advent of the new organic insecticides and their in­
creased residual effects the control of this pest by the use 
of sprays has become economically feasible and greater em­
phasis has therefore been placed on chemical control. As 
a guide in designing experiments with the European corn 
borer for the study of chemical treatments, the efficiency 
of the size and shape of plots will be examined. 
Sampling from contagious larval populations 
It Is Intended, in this thesis, to examine the sampling 
of contagiously distributed insect populations for possible 
application to plot work. 
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PROCEHJRES 
Uniformity Data 
Uniformity data may be defined as data taken from a popu­
lation which has not been subjected to treatments and is col­
lected from small plots over a continuous area. Uniformity 
data are used to study the variability due to the size and 
shape of plot as a guide in designing experiments to be an­
alyzed by means of the analysis of variance or for sampling 
Investigations. 
The tsest known uniformity data study is that of H. Pair-
field Smith (30) in which he harvested a crop in very small 
plots and compared the efficiency of varying sizes of plots. 
Beall (9) used uniformity data in studying sampling techniques 
with the Colorado potato beetle, Leptlnotarsa decemlineata 
(Say.). Bancroft et al. (5) have also used uniformity data 
in studying plot size in experiments with peanuts. 
For the present study the uniformity data consist of 
luropean corn borer counts made in four experimental areas 
each of approximately one-third of an acre. One area was 
totally dissected and three areas were sampled by dissecting 
one plant from each hill. 
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Procuring the Data 
Descriptions of the experimental areas 
In 1952 the levels of infestation were generally low in 
Southern and Central Iowa but medium to high in the north­
western corner of the state. A heavily Infested cornflejiu 
from which to select an experimental area was finally located 
in Lyon County. In contrast to 1952 the infestations in 
Central Iowa during 1953 were relatively high while adverse 
meteorological factors reduced the first generation infesta­
tions in the northwestern corner of Iowa to a very low level* 
Three suitable cornfields were located In Boone County in 
the vicinity of Madrid, Iowa. 
An experimental area in Lyon County, Iowa, 1952. The 
cornfield from which experimental area mimber one was se­
lected was located on the farm of Floyd Hohman, one mile 
west of Larchwood, Iowa. The 40 acre cornfield was planted 
at the foot of a very gentle slope so that approximately 
one-half of the cornfield was on level ground. The field 
had been planted to Pioneer 349 at an average rate of two 
seeds per hill. 
The experimental area was selected on level ground, 
eighteen hllss from, and in the center of the northern bound­
ary of the cornfield. The rows, running north and south were 
planted 3.5 feet apart with the hills spaced at 2.3 feet 
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within the rows. 
The experimental area was square, 126 feet to a side, and 
consisted of tiiirty-slx rows, each row with fifty-four hills. 
The 1944 hills were divided, for convenience, into 324 plots, 
each plot consisting of two parallel, three-hill row-segments. 
The plants within the experimental area were identified 
by a tag on which a coordinate and plant number were recorded. 
The coordinate system had its origin at the northeastern cor­
ner of the field. The plant numbering was consecutive from 
1 to 3205 and started at hill 1-1, where 1-1 is of the form 
(x,y) where x refers to the row and y to the hill, x s 
1,2,••••,30 and y — 1,2,.*..,54. 
The experimental area was dissected in 4.5 days, from 
July 29 to August 2. On the morning of the first day the 
eight boys hired to do the dissections were taught how to 
dissect the corn plants, to identify the various larval in-
stars, and how to record data. 
The plots dissected each day were selected at random. 
The complete plot was cut down as a unit and the plants taken 
out of the field to the dissectors who then took their plants 
for dissection from a common pile. The tags from each day's 
dissections, on which the data were recorded, were later 
identified as to day of dissection. The data gathered con-
slated of number of cavities, pupae, and all larval instars 
per plant dissected. 
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Three experimental areas In Boone County. Iowa, 1953. 
The three experimental areas dissected In 1953 were similar 
In the following respects: All three were located in the 
vicinity of Madrid, Boone County, lowaj they were similar 
in size, approximately one-third of an acre; all three fields 
had been either cross-checked or power-checked at 3.5 feet 
so that each area was symmetrical with thirty-six rows and 
thirty-six hills per row for a total of 1296 hills. One 
plant was selected at random and dissected out of each hill. 
The number of plots was the same as in the previous year's 
area, 324, but due to the different hill spacing each plot 
contained only four hills, two parallel row-segments of two 
hills each. The method of identification was similar to that 
used for area Ho. 1 except that only the coordinate number 
was used since only one plant per hill was generally taken. 
The plant to be dissected in each hill was selected at ran­
dom by the simple procedure of tossing a coin. If there 
were more than two plants in the hill the plants present 
were divided into two groups as often as necessary to make 
the final choice one between two individual plants. When­
ever a missing hill was encountered one of the hills remain­
ing in the plot was chosen at random and another plant 
selected at random from those not previously tagged. The 
data gathered again consisted of number of cavities, pupae, 
and all larval Instars per plant dissected, plus the number 
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of plants in each hill. The three areas have been numbered 
2, 3 and 4. 
Experimental area number two was selected from a twenty-
two acre field of corn on the farm of Carl Rose, four miles 
west of Madrid, Iowa, on the western side of the Des Moines 
River. The cornfield had been planted to two different gy-
bridsj the eastern twenty-one rows were planted to Punk's 
G 54 and the rest to DeKalb 347. Two planting rates had been 
used, three seeds per hill with the Punk and four seeds per 
hill with the DeKalb hybrid. The experimental area was lo­
cated on the eastern edge of the cornfield ten hills in from 
the northern margin. The origin for the coordinate system 
was located at the northeastern corner of the experimental 
area. 
The experimental area was dissected In 2.5 working days 
but in 4.5 days elapsed time since no dissections were made 
on Saturday or Sunday, July 18 and 19. Dissections were 
started on the afternoon of July 16j however, the afternoon 
was used primarily to train the dissectors. 
The plots on this experimental area were again selected 
at random, all four plants In each plot were cut down at the 
same time and taken out of the field for dissection. The 
data from plots dissected each day were recorded to allow a 
study of larval development from day to day. 51ie level of 
infestation was graded visually on 600 plants. A code 
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developed at ttie Ankeny Corn Borer Laboratory, see Appendix A, 
was used. 
Experimental area number three was selected from a 
thirty-six acre cornfield on the farm of W. B. Hurley, 1-
cated one mile west of Madrid, Iowa. The cornfield was 
planted to Punk's G 91 at the rate of three seeds per hill. 
The experimental area was located on almost level ground, 
158 hills from the southern, and twenty-nine hills from 
the western margin of the field. 
The area was dissected in two days; one-half the area 
was finished each day. The plots in this area were not se­
lected at random. The selection of the plots to be dissected 
the first day was arbitrary and consisted of a checkerboard 
pattern, that is, all odd plots in odd plot-columns and all 
even plots in even plot-columns were dissected the first day. 
This procedure was deemed permissible because the rate of 
development of the borer population was expected to be small 
at this time. 
Experimental area number foui? was selected from a sixty 
acre cornfield on the farm of Jack Brown located about one 
mile south of Madrid, Iowa. The cornfield was planted to 
Pioneer 301B at the rate of three seeds per hill. The ex­
perimental area was located five-hundredths of a mile south 
of the farmhouse and thirty rows from the western margin of 
the field. 
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The area was dissected In 1.25 days. An attempt was 
made to dissect it in one day tout due to unforeseen circum­
stances seven rows were left for the next day. The plants 
in this area were dissected situ since there was no easily 
accessible open place where the dissectors could sit. 
Processing the Data 
The tags brought in from the fleld were arranged in or­
der toy plots and tabulated. The data were punched on IBM 
cards from these tables. Summary cards were prepared from 
the cards representing individual plants to give all other 
necessary totals. In the case of area number one, the sum­
mary cards were made for hills, row segments and for plots. 
For areas two through four, only plot summary cards were 
made. Prom the IBM cards, all frequency distributions, 
tabulations and sums of squares were made for the analysis 
of the data. The method Is quite flexible and allows the 
efficient handling of large masses of data. The data con­
sisted of Information on cavities, pupae, fifth, fourth, 
third and second instar larvae: by plants, by hills, by rows, 
and by plots for area number onej and by plants and by plots 
for areas number two, three and fovir. Some additional in­
formation on time of dissection and visual evaluation of 
infestation based on two systems of rating Is also Included. 
The data, by plots, are Included in appendix C. 
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Information on visual evaluation of Infestation Is not in­
cluded since it is on a plant basis and the number of plants 
per plot is not constant. 
16 
ANALYSIS 
Population Specifications 
Contagious distributions 
Contagion may be defined as an inflation of the variance 
In a population which should be adequately described by the 
Poisson Law. According to Peller (19) there are two types 
of contagion, "true" contagion and "apparent" contagion. 
"True" contagion results when the occurrence or non-occurrence 
of an event changes the probability of the event again occur­
ring or not. The best example of this mechanism will be the 
case of an epidemic of measles. If a member (x) of a house­
hold contracts the disease the probability of the other mem­
bers contracting the disease is greatly increased. On the 
other hand, the fact that x has had measles greatly decreases 
the probability of his contracting the disease again. "Ap­
parent" contagion is the result of heterogeneity in the 
parent population variance. In this case we may visualize a 
Poisson distribution with a different value of the parameter 
A, the mean, at different places in the field. It is logi­
cal to assume that A will have some particular dlstrlbatlon 
over the field which leads to the specific contagious distri­
butions that have been proposed. The contagious distributions 
presented below fall into two groups: one group, exemplified 
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by the negative binomial, in which the Poisaon parameter is 
distributed as a Gamma variate, and another larger group in 
which the Poiasoh parameter is distributed according to the 
Poisson Law. 
The mathematical development of the contagious distri­
butions has been due to several fields of endeavor. The 
negative binomial distribution was proposed by workers inves­
tigating the multiple occurrence of accidents. The Polya-
Eggenberger distributions are a direct result of an analyti­
cal investigation of contagion. The study of the number of 
plants per quadrat led to the Thomas distribution while the 
study of insect larval distributions is responsible for the 
Neyman and the Poisson binomial distributions. 
Five contagious distributions were found in the litera­
ture. A short discussion of each is given below. For a 
fuller discussion and mathematical presentation see appendix B. 
The negative binomial distribution. The negative 
binomial distribution has probably received more attention 
from statisticians than any of the other existing conta­
gious distributions. It was first proposed by Greenwood 
and Yule (21) who were investigating the distribution of 
accidents. It was later independently derived by Polya (26) 
in an analytical investigation of contagious probabilities. 
Fisher (20) investigated the efficiency of fitting by the 
18 
method of moments and derived an expression for calculating 
this efficiency. Anscombe (2) has extended Fisher's work 
and plotted the efficiencies. Bliss (13) discussed at length 
the fitting of the negative binomial and appended a paper 
by Fisher on the method of maximum likelihood. Evans (18) 
applied the negative binomial to plant and insect data, 
and has a very thorough mathematical development of the 
distribution. 
Itoe Neyman contagious distributions. The Neyman dis­
tributions consist of an infinite family of distributions 
of increasing complexity. Neyman (25) developed the first 
three which he designated Type A, B, and C. The assumed 
model was one of entomological interest and was probably 
based on larvae of the Siropean corn borer. Beall, 1952, 
in a lecture before the Blostatlstic conference at Ames, 
Iowa, and more recently in Biometrics (12), has extended 
and generalized the Neyman distributions. Shenton (28) 
Investigated the efficiency of the method of moments for 
the type A distribution. Bateman (8) has recently discussed 
the power of the index of dispersion for the type A. The 
more complex distributions have not been investigated. 
The Thomas distribution. Another contagious distribu­
tion recently developed for describing the distrlbation of 
plants, Thomas (33), la of importance in plant ecology. 
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English writers refer to this distribution as the double 
Poisson distribution. It has not been extensively inves­
tigated. 
The Polya-S^genberger distributions. Two distributions 
were fitted by Beall (10) to European corn borer larval 
populations under the above name. The distribution called 
type one by Beall is identical with the negative binomial. 
The other, called type two by Beall, which has been desig­
nated as the Polya-Aeppli distribution by English writers, 
is distinct, Evans (18) discussed the fitting of this dis-
tributi on. 
The Poisson binomial distribution. Skellam (29) has 
given the probability generating function of this distri­
bution and successfully fitted some data on a sedge. 
Carax flacca Schreib., as given by Archibald (4). This 
distribution was independently derived by the author for 
describing the distribution of larvae of the European corn 
borer. A method of fitting is described in appendix B. 
Fitting the distributions 
Of the contagious distributions found in the litera­
ture only three were deemed appropriate in the case of 
populations of corn borer larvae. These three distributions 
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are: (1) the negative binomial which assumes that the 
variable Poisaon parameter is distributed aa a Gamma variate; 
(2) the Neyman type A which assumes Poisson survival from 
4 
each egg mass where the egg masses are distributed as Pois­
son variates; and (3) the Poisson binomial which assumes 
binomial survival from each egg mass where the egg masses 
are again distributed as Poisson variates. 
Fitting the negative binomial. The negative binomial 
is the easiest distribution to fit. The fitting is best 
illustrated by fitting the frequency distribution for to­
tal borers per plot from field number 4. (See Table 9.) 
The moments of the frequency distribution were calcu­
lated by first calculating the factorial moments as follows: 
X S;. S3 
0 188 
1 83 136 
2 36 53 74 
3 14 17 21 
4 2 3 4 
5 1 1 1 
324 210 ICQ 
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Hence, 
Fci = Sa/524 = 210/324 « 0.648148 = x 
s Sg 21/324 = (2)(100)/324 = 0.617282 
" Pdi +• ~ 1.265430 
}^ z ® - (]a,' f = 0.845334 ® • 
Having the estimates of the first two momenta, equations 
(10), appendix B, are used to get the moment estimates of the 
parameters as follows: 
icja = x^ /ia-'^  - x) = (0.648148) /(0.197186) s 2.130454 
% "  ^ m^ " (0.648148)/(2.130454) 
= 0.304229 . 
Using the moment estimates of k and p the maximum likeli­
hood estimates using equation (12), appendix B, are calculated. 
/\ 
Substituting kjjj in equation (12), appendix B, the value 
of z, = -0.436146. A negative value of z indicates that the 
moment estimate of k is too large. Since a value of k is 
required which will make z vanish, an arbitrary value of 
A 
k< kj^  is chosen which will make Zg, positive and interpolation 
is used, for z - 0, between the values of k. Letting k^ = 
1.8 and again substituting in equation (12) the value of 
- 0.112587. Interpolating between the two k's for z = 0 
the maximum likelihood estimates of k and p are: 
s 1.858566 and p^ ^^  ^ = 0.548735 . 
Using logarithms the probability of zero is next 
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calculated as follows: 
A 
5 1/(1 + p) 
o 
log s log 1 - kgjj^log (1 + p) 
so- (1.858566)(log 1.548735) 
= 1.758522 
pQ = antllog 1.758522 
= 0.573414 , 
hence 
T, . t. .ilN - (0.573414) (1.858566) (0.348735) 
p, - Ui. lm&b)  ^ 
a 0.275559 
P^ ' ^x-i (k+x-l)p/x(l+p) . 
Once the probabilities are calculated they are multi­
plied by the total number of plots in the frequency diatri-
bution to get the expected numbers, which completes the 
fitting. 
Fitting the Neyman type A distribution. The Heyman 
type A requires more computation than does the negative 
binomial. The moment estimates of the parameters m, and 
are identical with those for k and p in the negative 
binomial. Since the frequency of zero is quite large it 
was decided to fit the curve using the frequency of zeroa. 
l^ploying the moment eatlmate of m^^ the following rela-
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tionahip, due to Evans (18), may be used to calculate the 
zero frequency estimate of 
= c - ce'"^™^,)! ^ where c = x/ln(N/no) • 
The relationship converges rather slowly, but by using Tables 
of the descending exponential, U. S, Bureau of Standards 
(34), the thirty trials required to estimate in this case 
were performed in a very short time. 
The value of was estimated to be 0.359842 Instead of 
0.304229 which was the value obtained by the method of mo­
ments. The values for m, and are now 
m, = 1.801201 and = 0.359842 . 
The next step is the calculation of which is com­
puted from the Tables of the descending exponential by 
looking up two values of e"^ as follows: 
-^0.359842 - -^0.3598-0.000042 - ^ -0.3598 ^ -0.000042 
Both values on the ri^t being available in the tables, then 
e~®a = 0.697787 . 
Two different sets of multipliers have to be calculated 
in order to compute the required probabilities. 
First the terms in the expansion of e®!^ are required, 
1.e. 
gBia s 1 -h + %/2I + m^ /3I + m^ /41 +• m^ /5I+ . 
In the present case only the first five terms in the above 
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expansion are needed. These were obtained by computing 
to ten decimals and performing the indicated operations 
directly. If a large number of terms are to be used it is 
preferable to employ logarithms. 
A 
The second set of tmiltlpliers required is xe"®®/l, 
where 1 will go from 1 to n, and in this instance only five 
terms are needed so that n = 5. These terms are easily com-
A 
puted by multiplying xe '''by the reciprocal of 1, 2, 3, 4, 
and 5. 
A 
m. In the present case the terms in the expansion of e 
were 
and 
AO _ 
-
I -
-
^ a — m; =
/^ 3 _ m^ =
A4 _ ml = 
/V 
_ 
xe 
0.559842 
0.129486 
0.046594 
0.016766 
(1) 
xe"™2(0.5) 
A 
xe"®'' (0.S33333) 
A 
xe"°^ '» (0.25) 
A 
xe 
01 
II 
21 
31 
A t 
(0.2) 
1.000000 
0.359842 
0.064743 
0.007765 
0.000698 
0.452269 
0.226135 
0.150756 
0.113067 
0.090454 
The probability of zero is next calculated as follows 
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P 0 s 0.580221 
P s t0.452269)(l)(0.580221) 
0.262416 
(0.226155) [ 1(0.262416) + (0.359842)(0.580221^  
0.106556 , 
etc 
By using two sheets of ruled paper, one on which to re­
cord the probabilities as they are calculated, and one on 
which to record the multipliera, the calculation of the 
above probabilities is greatly simplified. The terms in 
the expansion of e"^^ are placed at the lower left hand corner 
of the iHultiplier sheet next to the edge, with the one at 
the bottom and the lowest value at the top. In line with 
A 
the one and to the right of it the value of xe^^^a is entered 
and all successive values entered over it in descending or­
der, the lowest value required, at the top. By placing the 
maltiplier sheet over the sheet on which the value of is 
recorded so that the one is opposite P^, the required multi­
pliers for the calculation of P, are immediately available. 
Having calculated P, it is recorded below Pq and the multi­
plier sheet is moved down so that the one is opposite Pj . 
Using cumulative multiplication P, is multiplied by 1 to 
which is added the product of and m^. This sum is trans­
ferred to the keyboard and multiplied by the value of 
A 
26 
A 
xe~®^/2 which is opposite the value of . Fg^ is then re­
corded below P, and the process continued until all the 
required probabilities have been calculated. 
Fitting the Polaaon binomial distribution with n = 2« 
This distribution is intermediate to the preceding two in 
ease of fitting. Since the moment estimates of m, and 
for the Neyman type A are already available those values 
are used to compute the parameters of this distribution as 
follows: 
a = (n-1) m,/n • 2.1S0454/2 = 1.065227 
p 5 m^j/Cn-l) = m^j = 0.504229 
q = (1-p) = 0.695771 
= q®- s 0.484097 . 
Since n = 2, only two multipliers will "be required. 
These ares 
q"'' « 0.695771 
(n-l)pq'^ ~^  = (l)p(l) = 0.304229 . 
Using the above values for the parcuneters and multi­
pliers the required values are next calculated to bej 
= a-a(l-q") ^ g-0.64»6B4 . 0.57720? 
P, = = (0,648148) (0.695771) (0.677207) 
= 0.260299 
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= (0.648148) [(0,304229) (0.577207)+ 
(0.695771) (0.260299)) 
= 0.251202 
Pg = X [(2) (n-l)pq^ "^ P, + 
= 0.206918 , 
etc. Hence the required probabilltlea are: 
P = F = 0.577207 
o o 
P, = P, = 0.260299 
= P^ /2 = 0.115601 
P^  = /6 s 0.034486 , 
and so on. 
In computing the value of chl-square either form of 
equation (21) appendix B may be used. The right hand form 
is preferred aa involving less work unless the individual 
chi-squares are to be compared. 
Results 
In this investigation four experimental areas have been 
studied. Area number one was completely dissected while 
areas two, three, and four were sampled. 
For the one field which was completely dissected three 
frequency distributions were fitted. The three frequency 
distributions were: (1) the distribution of total borers 
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per plant, (2) the distribution of pupae and fifth instar 
larvae per plant, and (3) the distribution of total borers 
per plot. Distribution number one, see Table 1, was not 
fitted by any of the three contagious distributions tried. 
The smallest value of chi-square was given by the Polsson 
binomial distribution. Prom Figure 1 it is evident that 
there seems to be a tendency for a piling up of frequency 
at the even numbers of borers, which suggests a counting 
bias by the dissectors. Since the greatest error would be 
made with the more immature larval stages, the second fre­
quency distribution listed above was fitted. In this case, 
see Table 2, the Poisson binomial gave the best fit, the 
Neyman type A was next, while the negative binomial gave a 
poor fit. On the plot basis the negative binomial and the 
Neyman type A distributions both gave excellent fits with 
the type A being slightly better, see Table and Figure 3. 
The three sampled areas were alike in one respect. 
For high values of the mean the negative binomial gave the 
best fit while for low values the Poisson binomial was bet­
ter. Sic frequency distributions were fitted, one on plants 
and one on plots for each of the three areas. Both fre­
quency distributions for area number two were fitted best 
by the negative binomial, see Tables and Figures 4 and 5. 
The Poisson binomial was not fitted since its skewness is 
less than tiiat of the type A and the fit would not have 
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Table 1. 
Experimental area number 1, total borers per plant 
Observed and theoretical frequencies; the values of 
chl-aquare and their attached probabilities 
Observed Theoretical 
X  f Poisson NB* NTA"^ PB( n=2)^  
0 355 238.0 324.30 331.79 341.84 
1 600 618.9 660.57 654.44 644.37 
2 781 804.5 734.06 734.77 728.03 
3 567 697.3 610.45 608.67 609.14 
4 441 453.3 408.82 411.61 415.60 
5 245 235.7 236.54 239.64 242.72 
6 135 102.1 122.49 124.09 125.17 
7 42 37.9 58.12 58.44 58.20 
8 17 12.3 25.68 25.45 24.76 
9 11 3.6 10,70 10.41 9.75 
10+ 11 1.1 4.47 5.69 5.42 
Total: 3205 
Chi-square 34.52 27.49 25.52 
P a 
X 
0 <0.001 <0.01 <0.01 
It 
•
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NTA s Neyman type A 
PB s Poisson binomial for n=2 
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Bar graph showing observed frequeaeles of total 
borers per plant from experl^ntal area number 
one and freqaency polygon showing expected fre­
quencies from Polsson binomial distribution# 
Pigure 1 
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Table 2. 
Experimental area ntimber 1, pupae and fifth Instar larvae. 
Observed and theoretical frequenciesj the values of 
chi-square and their attached probability 
Observed Theoretical 
X f^ NB^ HTA^ PB(nS2)^ 
0 588 553.85 568.14 587.85 
1 807 845.72 829.36 799.38 
2 741 750.81 742.53 741.12 
5 479 506.58 509.95 515.08 
4 328 287.83 293.57 299.67 
5 159 145.14 148.37 150.76 
6 67 67.01 67.71 67.74 
7 22 28.89 28.43 27.64 
8 5 11.80 11.13 10.39 
9 7 4.61 4.11 3.63 
10-f- 2 2.76 1.92 1.74 
Totals 3205 
Chi-square 15.48 10.02 7.07 
X*- 0.035 0.187 0.420 
d.f. = 7 
« NB s Negative binomial 
NTA = Neyman type A 
PB a Poiason binomial for n«2 
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Figure 2. Bar graph showing observed frequencies of pupae and 
fifth instar larvae per plant from experimental ares 
number one and frequency polygon showing expected 
frequencies from Pols son binomial distribution. 
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Table 3. 
Experimental aree number 1, total borers per plot. 
Observed and theoretical frequencies; the values of 
chi-square and their attached probabilities. 
Observed Theoretical 
X f NTA^ 
X 
0 0 0.00 0.01 
1 0 0.00 0.03 
2 0 0.02 0.08 
3 0 0.05 0.16 
4 0 0.12 0.29 
5 1 0.26 0.50 
6 1 0.49 0.80 
7 1 0.84 1.20 
8 0 1.34 1.71 
9 5 2.01 2.36 
10 2 2.85 3.12 
11 5 3,84 4.01 
12 6 4.97 4.99 
13 8 6.21 6.06 
14 3 7.50 7.18 
15 7 8.81 8.32 
16 15 10.08 9.44 
17 12 11.25 10.50 
18 10 12.30 11.48 
19 10 13.19 12.35 
20 12 13.89 13.07 
21 11 14.38 13.63 
22 14 14.67 14.01 
23 11 14.75 14.21 
24 13 14.64 14.24 
25 17 14.35 14.09 
26 17 13.90 13.79 
27 15 13.33 13.35 
28 15 12.65 12.78 
29 18 11.89 12.11 
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Table 3. (Continued) 
Observed Theoretical 
X f X NB^  NTA^ 
30 8 11.08 11.37 
31 11 10.24 10.58 
32 6 9.39 9.75 
33 8 8.54 8.91 
34 9 7.72 8.07 
35 5 6.92 7.26 
36 9 6.17 6.47 
37 7 5.47 5.73 
38 7 4.82 5.03 
39 3 4.22 4.39 
40 4 3.68 3.81 
41 1 3.19 3.28 
42 5 2.75 2.80 
43 2 2.36 2.38 
44 3 2.02 2.01 
45 0 1.72 1.69 
46 1 1.46 1.41 
47 0 1.23 1.17 
48 2 1.03 0.96 
49 0 0.87 0.79 
50 1 0.72 0.65 
51 0 0.60 0.53 
52 1 0.50 0.42 
53 0 0.41 0.34 
54 0 0.34 0.27 
55 0 0.28 0.22 
56 1 0.23 0.17 
57 0 0.19 0.14 
58 0 0.15 0.11 
59 1 0.12 0.08 
60+ 0 0.99 3.34 
Total: 324 
Ciii-aquare 17.03 16.22 
F-<i 0.843 0.877 
d.f. = 24 
= Negative binomial 
NTA ~ Meyman type A 
30 40 50 
NUMBER OF BORERS 
Figure 3. Bar graph showing observed frequencies of total borers per 
experimental area number one and frequency polygon showing 
frequencies from Neyman type A distribution. 
plot from 
expected 
CI 
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Table 4. 
Experimental area number 2, total borers per plant. 
Observed and. theoretical frequencies? the values of 
chi-aquare and their attached probabilities. 
Observed Theoretical 
X  X  
NTA^ 
0 423 426.60 419.40 
1 414 406.36 405.33 
2 253 248.65 257.06 
3 117 123.91 128.39 
4 53 54.71 54.70 
5 22 22.30 20.75 
6 4 8.58 7.15 
7 4 3.16 2.29 
8 3 1.13 0.69 
9 2 0.39 0.20 
10 0 0.21 0.07 
Total J 1296 
Chi-square 
V 
d.f. a 5 
0.71 
0.952 
2.63 
0.798 
^ KB 
NTA 
= Negative binomial 
= Nejrman type A 
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Figure 4. Bar graph showing observed frequencies of total 
borers per plant for experimental area number two 
and frequency polygon showing expected frequencies 
from negative binomial distribution. 
Table 5. 
Experimental area number 2, total borers per plot. 
Observed and theoretical frequencies; the values of 
chl-square and their attached probabilities. 
Observed Theoretical 
X f 
•^x 
NTA^ 
0 10 8.92 12.41 
1 18 22.96 23.14 
2 39 35.37 33.50 
5 33 42.32 39.74 
4 42 43 .34 41.41 
5 56 39.92 39.16 
6 36 34.01 34.28 
7 26 27.31 28.17 
8 19 20.92 21.94 
9 19 15.42 16.32 
10 7 11.02 11.65 
11 4 7.66 8.03 
12 4 5.21 5.06 
13 4 3.47 3.47 
14 2 2.27 2.19 
15 1 1.47 1.35 
16 2 0.94 0.81 
17 1 0.59 0.48 
18 0 0.20 0.28 
19 0 0.12 0.16 
20 0 0.08 0.09 
21 0 0.05 0.05 
22 0 0.03 0.03 
23 0 0.02 0.01 
24 0 0.01 0.01 
25 1 0.01 0.01 
26 0 0.40 0.00 
Total? 524 
Chi-square 17.18 18.97 
0.103 0.062 A 
d.f. = 11 
^ NB = Negative binomial 
NTA = Neyman type A 
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Figure 5. Bar graph showing observed frequencies of total borers per plot for 
experimental area number two and frequency polygon showing expected 
frequencies from negative binomial distribution. 
oi 
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been any better. The frequency distribution of borers per 
plot for area number three was fitted best by the negative 
binomial, see Table 7 and Figure 7. On the other hand, the 
frequency distribution of borers per plant was fitted beat 
by the Polsson binomial, see Table and Figure 6. Both fre­
quency distributions for area number four were well fitted 
by the Polsson binomial, see Tables and Figures 8 and 9. 
In most cases the difference between the various distri­
butions la slight. The statement that one distribution fits 
better than any of the others is based on the value of chi-
square and its attached probability. 
Both the negative binomial and Heyman type A were fitted 
to all nine frequency distributions. The Polsson binomial 
was fitted to five of the nine distributions. In all five 
caaea where the Polsson binomial was fitted it gave the best 
fit. The negative binomial fit best in three cases while the 
Neyman type A gave the best fit in only one Instance. The 
fitting does indicate that the Polsson binomial and the nega­
tive binomial are the appropriate graduating carves in that 
order. An interesting question presenting Itself is whether 
or not sampling a population of corn borer larvae enhances 
the skewness of the resulting frequency distribution and 
thus makes the negative binomial the appropriate distribu­
tion. 
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Table 6. 
Experimental area number 3, total borers per plant. 
Observed and theoretical frequencies; the values of 
chi-square and their attached probabilities. 
Observed Theoretical 
X f 
•^x 
NB^  ITA^  PB(n»2)^  
0 907 902.85 900.89 904.44 
1 275 288.86 288.76 279.42 
2 88 78.07 82.00 89.09 
5 23 19.81 19.34 18.63 
4 3 4.86 4.07 3.70 
5 0 1.56 0.95 0.61 
Total! 1296 
Chi-square 1.94 1.24 0.61 
P a 
^x 
0.385 0.535 0.740 
d.f. s 2 
^ KB = Negative binomial 
NTA = Neyraan type A 
PB = Poiason binomial (n»2) 
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Figure 6, Bar graph showing observed frequencies of total 
borers per plant for experimental area number 
three and frequency polygon showing expected fre-
quenclea from Polsson binomial distribution. 
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Table 7. 
Experimental area number 3, total borers per plot 
Observed and theoretical frequencies; the values 
chi-square and their attached probabilities. 
Observed Theoretical 
X 
^x 
NB^  
0 89 89.53 89.01 
1 96 91.85 88.63 
2 57 64.34 66.29 
3 44 38.10 40.41 
4 16 20.49 21.53 
5 11 10.36 10.38 
6 7 5.01 4.62 
7 3 2.34 1.93 
8+ 1 1.98 1.20 
Totals 324 
Ghi-square 3.26 5.05 
0.658 0.410 
d.f. = 5 
^ NB s Negative binomial 
NTA » Neyman type A 
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Pl@ire 7. Bar graph showing observed frequencies of total 
borers per plot for experimental area number three 
and frequency polygon showing expected frequencies 
from negative binomial distribution. 
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Table 8. 
Experimental area miHiber 4, total borers per plant. 
Observed and theoretical frequencies? the values of 
chi-square and their attached probabilities. 
Observed Theoretical 
X NTA® PB(n=2)^ 
0 1117 1114.98 1116.97 1116.39 
1 149 154.51 150.44 150.47 
2 27 22.51 24.75 26.21 
3 5 3.99 3.84 2.92 
Total: 1296 
Chi-square 1.35 0.40 0.05 
V 0.510 0.820 0.980 
d.f. = 2 
 ^'MB ' negative binomial 
NTA a Heyman type A 
PB = Poisson binomial {n=2) 
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Figure 8. Bar graph showing observed frequencies of total 
borers per plant for experimental area number four 
and frequency polygon showing expected frequencies 
from Poiason binomial distribution. 
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Table 9. 
Esperlmental area number 4, total borers per plot. 
Observed and theoretical frequencies; the values of 
chi-square and their attached probabilities. 
Observed Theoretical 
X f 
X 
NB^  NTA* PB(n=2)^  
0 188 185.79 187.99 197.02 
1 85 89.28 85.02 84.34 
2 36 32.99 34.52 37.45 
3 14 10.97 11.65 11.17 
4 2 3.45 3.51 3.11 
5 1 1.04 0.97 0.72 
6 0 0.48 0.33 0.19 
Total: 324 
Chi-aquare 2.36 1.28 1.06 
V 0.505 0.735 0.785 
d.f. = 3 
NB a Negative binomial 
NTA * Neyman type A 
=2) PB = Polsson binomial In-
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Figure 9. Bar graph showing observed frequencies of total 
borers per plot for experimental area number four 
and frequency polygon showing expected frequencies 
from Pols son binomial distribution. 
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The Use of Tranaformatlona on Non-normal Data when 
Using the Analysis of Variance 
The use of transformations has been adequately discussed, 
in general, by Bartlett (7) and Kempthorne (23), and in par­
ticular, by Beall (11) with regard to experiments with insect 
populations. 
A transformation is used, in an analysis of variance, 
whenever it is known that the data which are to be analyzed 
are non-normal, or do not in some other way satisfy the as­
sumptions listed by Eisenhart (17). By using a transforma­
tion some of the consequences of not satisfying these assump­
tions, Cochran (15), may be avoided or at least minimized. 
The transformation will change the scale of measurement and 
may make tiie analysis more valid. 
There are three general types of transformations: 
(1) The logarithmic transformation used on multiplica­
tive relationships. 
(2) A transformation which will stabilize the variance 
and which may or may not give normality. It is hoped that 
deviations from additivity on the transformed scale are small. 
(3) The probit or logit transformations, used in bio­
logical assay, which do not stabilize the variance. 
Kendall (24) outlines the theory which leads to those 
transformations included under (2) above. 
Suppose a transformed variate x' is wanted which is a 
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function of x, x' (x). Then as an approximation 
var(x' ) - var x . 
If the variance of x is related, to the mean so that var(x) 
« f(ia), where m la the mean, then 
var(x') = f(m) 
dx 
and if X varies about m by small quantities, as a further 
approximation, 
var(x') • f(x) . dx 
Now since a constant variance, A say, is required, 
dx' - I X 
di " V 
which on being integrated gives 
(1) x' = J]j . 
In Entomology three transformations belonging to group 
(2) above are particularly useful. Hiese transformations 
are: (1) the square root transformation for Poisson data, 
(2) the arc sine transformation for binomial data, and 
(5) the inverse hyperbolic sine transformation for contagious 
data. Since in the present investigation it has been estab­
lished that the data are contagious, the inverse hyperbolic 
sine transformation of Beall and a new square root trans­
formation will be examined. 
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The Inverse hyperbolic sine tranaformatlon 
Beall (11) assumed that the mean and the variance were 
related In the following way: 
(2) Pa = . 
On substituting (x + Ax^) for f(x) In (1) and Integrating, 
the Inverse hyperbolic sine transformation results 
(3) x' s A ^ slnh"' Ox)^ 
which gives the square root transformation If As 0, and ap­
proaches log(x+l) as Ax Increases. 
It can be easily shown that the variance of any of the 
three distributions under study will satisfy equation (2) 
where A is the Inverse of the main parameter. I.e., k for the 
negative binomial, m, for the Neyman type A, a for the Pols-
son binomial. 
The contaj^^lous square root transformation 
In all the distributions under study the variance is 
related to the mean in the following way, equations (5, 24, 
52) appendix B: 
Var s Meand + X ) 
where a' is now the secondary parameter in any of the three 
distributions under investigation. On substituting x(l+A) 
in equation (1) and integrating, the square root transforma­
tion for contagious distributions results. 
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(4) x' »-\Jx/(l + A' ) . 
The use of either transformation poses the problem of 
estimating the transformation parameters from the data. 
Beall (11) has suggested that A be estimated from two plots 
selected at random within each block and treated alike. 
Anscombe (1) points out that for moderate values of the mean 
the number of plots treated alike should be at least nine. 
Such a procedure will be unacceptable to tiie research ento­
mologist testing insecticides under natural conditions with 
mechanical equipment since the plots must be large. 
A suggested procedure, which will be investigated in 
detail, would be to use the individual plant data to esti­
mate the required parameter, for each treatment, and use the 
transformed plant data to form plot totals to be used in the 
analysis. 
For this purpose the parameters are estimated from the 
following relations: 
X = (s'' -x)/ x^  
V - -X a -x ) / X 
The inverse hyperbolic sine transformation uses X as above 
but the quantity used in the square root transformation is 
not X but (1+X). It can be seen from equation (5) above 
that 
1+X' = 3®/x 
which is the amount by which the variance of the contagious 
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dlatrlbutlon exceeds that of the Polsson. 
Results 
It was of Interest to find out If the transformations 
would stabilize the variance and as a matter of curiosity 
their effect on the normality of the data. In order to do 
this the frequency distributions of borers per plant were 
chosen for two reasons, (l) sampling procedures are always 
used so that the plant is the sampling unit, (2) the use of 
three insecticides could be simulated by letting the high 
density experimental area be the check and assuming three 
insecticides of increasing effectiveness on the experimental 
areas with the decreasing densities. The large sample esti­
mates of the population parameters were used to calculate the 
transformation parameter needed in each case. 
Table 10 gives the values of the mean and variance of 
all four experimental areas for the original data and their 
transformed values using both transformations. If the popula­
tion mean is as low as 1.5 both transformations are equally 
effective in stabilizing the variance. With population means 
less than 1.0 both transformations give an increasingly 
smaller variance but the square root transformation does 
have a smaller range over the four experimental areas studied. 
In the absence of Beall's tables, which are not as widely 
distributed as could be hoped, the actual calculation of the 
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Table 10. 
Comparison of the means and variances of the original data 
with the variances of data transformed by the inverse hyper­
bolic sine and square root transformations. Total borers 
per plant 
Untransformed Variance of transformed data 
Area no. Mean Var. Slnh"' Square root 
1 2.032 2.704 0.421 0.379 
2 1.307 1.856 0.589 0.362 
3 0.410 0.512 0.228 0.236 
4 0.164 0.192 0.104 0.120 
The frequency distribution of pupae and fifth instar borers 
was used from experimental area number 1. 
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transformed values using the inverse hyperbolic sine trans­
formation is not a simple process. The square root trans­
formation for contagious data will find greater applicability 
since it is rmich easier to calculate and requires no special 
t ab le s • 
•Hie values of Pearson's ((3 coefficients are commonly 
used to test for normality since « zero and s three for 
the normal distribution. If the two transformations are in 
any way successful in imparting normality to the data the 
values of the ^  coefficients for the transformed data should 
approach those for the normal. The values of and p^were 
calculated for all four experimental areas from the original 
data and both their transformations. The results are shown 
in Table 11. Althou^ the transformations do not assure nor­
mality they give a satisfactory approximation. In this re­
spect the inverse hyperbolic sine transformation is more 
successful than the square root transformation for very low 
values of the mean. For values of the mean above one the 
square root transformation is more successful. 
Efficiency of Size and Shape of Plot 
In the design of field experiments with the European 
corn borer it is helpful to know the efficiency of size and 
shape of plot In order to have as efficient a design as 
possible. 
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Table 11. 
The estimated values of (3, and P?, for the frequency distribu­
tions of borers per plant for all four experimental areas. 
Original and transformed data using both the inverse hyper­
bolic sine and square root transformations. 
Inverse 
hyperbolic 
Experimental sine Square root 
area Untransformed transformation transformation 
(3, (3;. (3. 0>, (pz 
1 0.808 3.923 0.377 2.521 0.193 2.498 
2 2.312 6.573 0.048 1.763 0.000 2.032 
3 3.474 6.336 1.013 2.244 1.187 2.575 
4 8.455 11.988 1.659 3.874 5.048 6.439 
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Field plot techniques with insect data have not been 
studied to any great extent. Beall (9) investigated the use 
of stratified sampling with data on the Colorado Potato 
Beetle Leptinotaraa decemlineata (Say.). 
In the field of agronomy extensive work has been done 
with plot techniques. The most quoted is that of H. Fairfield 
Smith (50) who studied the effect of soil heterogeneity on 
wheat yields. He found that shape of plot had no effect on 
his results and developed the following empirical law used 
in the design of agronomic experimental 
(6) = V, / x^ ' 
where V„ = the variance per unit plot of a plot with x unit 
plots 
V, = the variance of a unit plot 
X = the number of unit plots in the larger plots 
b' = a factor depending on soil heterogeneity 
Smith also investigated the relationship of the variance 
of plots of X units within blocks of n plots. This variance 
is, 
I b b. 
njn - X J 
, , , , ("V, n^ (n - x )  17) (V^)^ = 
X 
where = the variance of a plot witii x unit plots in 
^ blocks with n plots 
(V, )qp = the variance per unit plot for an infinite field 
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n = the number of plots per block 
b = a factor depending on soil heterogeneity for 
the Infinite field . 
The efficiency of a randomized block experiment having 
m plots per block relative to one having n plota per block 
is given by 
(8) ' n(m-l)(l-n"^)/m(n-l)(l-m"^) . 
For experiments with contiguous plots the minifflum cost 
per unit of information is achieved when 
(9) X = bK,/(l-b)K2 
where K, is the proportion of the total cost proportional to 
the number of plots, K;^ is the proportion of the total cost 
proportional to the total area of the experiment, x is as 
in equation (6), and b as in equation (7). 
If guard rows are used the minimum cost per unit of 
information is achieved when 
(10) X = b(K, -t- KgA)/(l-b)(K2, + KgB) 
where K = cost proportional to the area in guard rows 
S 
A - the area in guard rows around the plot 
B = the width of plot plus guard, minus width of plot, 
divided by the width of plot. 
Conners (16) investigated field plot techniques for 
sweet potatoes and came to the conclusion that the optimum 
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plot size predicted by Smithes equation differed to some ex­
tent from that estimated from the data. 
Taylor (32) investigated the effect of correlations in 
three directions on the shape of the plots. He developed a 
formula analogous to Smith's with an extra term which takes 
into account the shape of the plot. The correlations in the 
three directions, however, have to be computed from the data, 
which reduces the applicability of the equation since the 
correlations imiat be known prior to the design of the experi­
ment . 
In investigating the efficiency of shape and size of 
plot for Shropean corn borer data Smith's work was followed. 
The variances per unit plot, for 65 of the configurations 
which used the total area, are presented in Table 12. Since 
the variances indicated that plot shape might have some ef­
fect on the value of the variance, a weighted multiple re­
gression was fitted to the logarithms of the variances using 
the ratio 1/w as a shape factor, where 1 = the length of row 
and w = the width in terras of rows. The weights used were 
directly proportional to the degrees of freedom of each 
variance. The equation fitted was: 
(11) * ln(V, ) - b, ln(x) + b2,ln(l/w) 
for which the following constants were computedJ 
(12) In(V^) s 0.238 - 0.851 ln(x) + 0.0105 ln(l/w) . 
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Table 12. 
Variance per unit plot for different sizea and shapes of 
plots for the corn borer data from experi­
mental area number 1. 
Shape Var. per 
No.plots R H d.f. SS unit plot 
1 1x1 1943 2529.88 1.3020 
2 1x2 
2x1 
971 2772.11 
2635.81 
0.7138 
0.6787 
3 3x1 
1x3 
647 2995.61 
2863.63 
0.5144 
0.4917 
4 4x1 
2x2 
485 2822.89 
3090.09 
0.3637 
0.3982 
6 6x1 
3x2 
2x3 
1x6 
323 2790.73 
3132.34 
3355.70 
3219.06 
0.2400 
0.2694 
0.2886 
0.2768 
8 4x2 245 3988.96 0.2544 
9 9x1 
3x3 
1x9 
215 2659.17 
3249.11 
3658.47 
0.1527 
0.1866 
0.2101 
12 12x1 
6x2 
4x3 
2x6 
161 3079.68 
3272.03 
3487.23 
3615.02 
0.1328 
0.1411 
0.1504 
0.1559 
18 18x1 
9x2 
6x3 
3x6 
2x9 
1x18 
107 2829.64 
3321.67 
3739.43 
3532.20 
4060.67 
4309.53 
0.08161 
0.09581 
0.1079 
0.1019 
0.1171 
0.1243 
24 12x2 
4x6 
80 3550.31 
3469.39 
0.07704 
0.07528 
61 
Table 12. (Continued) 
Shape Var. per 
Mo.plots R H d.f. SS unit plot 
27 9x3 71 3963.09 0.07656 
3x9 3865.44 0.07468 
1x27 5576.09 0.1077 
36 36x1 53 3312.17 0.04821 
18x2 3454.19 0.05028 
12x3 4635.31 0.06748 
6x6 3703.29 0.05391 
4x9 3552.65 0.05171 
2x18 5203.36 0.07575 
54 18x3 35 4194.73 0.04110 
9x6 3560.69 0.03488 
6x9 4408.28 0.04319 
3x18 4735.12 0.04639 
2x27 6327.30 0.06199 
1x54 7245.14 0.07098 
72 36x2 26 3757.30 0.02787 
12x6 4529.95 0.03360 
4x18 3919.26 0.02907 
81 9x9 23 4683.81 0.03103 
3x27 4897.48 0.03245 
108 36x3 17 5524.17 0.02785 
18x6 4038.11 0.02036 
12x9 5475.46 0.02761 
6x18 5324.86 0.02685 
4x27 4290.98 0.02163 
2x54 8672.36 0.04373 
162 18x9 11 5289.78 0.01832 
9x18 5508.82 0.01908 
6x27 6129.61 0.02123 
3x54 5482.85 0.01899 
216 36x6 8 5170.48 0.01385 
12x18 6803.41 0.01822 
4x54 4259.65 0.01141 
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Table 12. (Continued) 
lo.plots 
Shape 
R H d.f. SS 
Var. per 
unit plot 
243 
324 
9x27 
36x9 
18x18 
12x27 
6x54 
7 
5 
7247.49 
7774.73 
6194.09 
8425.13 
6012.86 
0.01753 
0.01481 
0.01180 
0.01605 
0.01145 
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Since tlie value of \3^ = 0.0103 it was desirable to test 
= 0 and tha following analyals of vai-lanos was com-
puted: 
Analysis of Variance 
Dae to d.f, SS MS 
Pitting X, and x^j, 2 1.03461 
Pitting X. 1 1.03447 
Attributable to 1 0.00014 0.00014 
Error 62 0.00938 0.00015 
Total 64 1.04399 
Since P = 0.933, with 1 and 62 d.f., the null hypothesis that 
b^ = 0 is accepted. The factor for shape does not account for 
a significant reduction in the sura of squares from regression. 
As a result the regression on the first variable, size of plot, 
is used. The computed simple regression equation is: 
(13) = 0.234 - 0.851 ln(x) . 
The observed values of InCV ) and the computed regres-
sion line are shown in Figure 10. The correlation coefficient 
r ='0.995. 
The regression coefficient computed in equation (13) is 
the b of equation (6). In order to use b' in equation (8) 
the regression coefficient b for an infinite field had to be 
estimated. Entering the computed value of b' in Figure 11, 
which was drawn from Smith (30), the value of b is found to 
be 0.842. 
LN(PLOT SIZE = X) 
Figure 10. Linear regression of the natural logarithm of the variance of a 
plot with X unit plots on the natural logarithm of the number of 
unit plots in the larger plot. 
o> 
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
Figure 11. Chart for determining the value of the 
regression coefficient b, for an infinite 
field, from the computed value of the re­
gression coefficient b' for a finite 
field. From Smith (30)• 
66 
The relative efficiency of a randomized block experiment 
having 6 plots per block to one having 9 plots per block is: 
(14) = 9(5)(1-9"°'®^^)/6(8)(1-6~°*®^^) 
a 37.9260/37.3824 
= 1.0145 . 
From the observed variances, using the shapes with the small­
est variances, the same relative efficiency is 0.9965 which 
agrees satisfactorily with the expected efficiency. 
The Sampling of Biropean Corn Borer Populations 
It was of interest to determine the number of plants 
which should be dissected in each plot so that the means of 
the plots to be used in an analysis of variance would ap­
proach some degree of normality. 
It has been determined that the larvsil populations of 
the Itaropean corn borer studied follow one of the three con­
tagious distributions fitted to the data. The sum of n 
independent variables following any one of these contagious 
distributions is itself distributed contagiously with the 
appropriate distribution. This can be shown by considering 
the moment generating function for the negative binomial 
0(t) = {l-(e^ -l)pj ^  . 
If there are n independent variables following the negative 
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binomial distribution the following relation holdss 
= Si(, 
= [(»(t)]» , 
hence 
This property, coaanon to all three distributions, is known 
as the property of reproduction. 
It must also toe shown that as the means of the distribu­
tions increase the distribution of these means will approach 
normality. 
The approach to normality will be proved by using the 
following formulae given to the author by Dr. H, 0. Hartley. 
The p coefficients for a mean are given by 
The (3 3 for the three contagious distributions investigated 
(15) 
p, (5) = P</n 
(3^ ix) = 3 + i^ z'S)/n . 
ares 
(1) Negative Binomial 
(l+4p)(5+2p) 
nx( It-p)"' 
pMl^4p)(54-gp) 
x(Upf 
68 
(2) Neyman Type A 
i2 
 ^ [i+ni^ (3+iajj)] _ [l+maO+m^ ,)] 
(3;i= S +• = 3 ^  lmj7^ -m^  (6^ -mJl 
(3) Poiason Binomial, n = 2 
(3, = (3,(x) = 
\ x(l+p) ^ nx(l<-p) 
(3, = 3 . (^ (S) = 5 . . 
x(l+p) nxd+p; 
As n—>CD, p, (x) for all tiaree distributions approaches 0 
while ^ ;j,(x) approaches 3. For the normal distribution |3, s o, 
and ' 3. Therefore all three distributions approach nor­
mality assymptotically with increasing n. 
The number of plants to be dissected in order to achieve 
some preassigned approach to normality in the distribution of 
the means may be determined from Figure 12. A one cycle log 
log chart does the work of a 3 by 3 cycle chart using the 
following procedure. Using previously determined values of 
X and p, for say the negative binomial, tiie value of |3, and 
(^2,-3) are calculated, and whichever is the larger is used to 
enter the ordinate of Figure 12. Prom Table 11 (^2,-S) for 
field number one is 0.923 which is entered on the ordinate. 
The ordinate scale is mentally shifted down one cycle so that 
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Figure 12. Chart to determine the size of sample required for 
the plot means to approach normality. 
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it now reads from O.i to O.Oi, and toeing satisfied with an 
approach to normality on the order of 0.05, the value of n 
is read on the atocissa. In the present example the value of 
n = 18.5 or 19 plants. If 19 plants selected at random from 
each plot are dissected from a population with an average of 
2.6 borers per plant, and the plot totals used in the analy­
sis of variance, no transformation will be required. 
For low population densities tibe use of a transformation 
will result in a substantial decrease in the number of plants 
which should be dissected. In experimental area number 4, 
with a mean of 0.16 borers per plant, a sample of 180 plants 
per plot would be required in order for the distribution of 
the means to approach normality without a transformation. 
Using the inverse hyperbolic sine transformation there-
quired sample will be only 54 plants. 
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CONCnJ SIGNS 
Prom the analysis of data on the European corn borer 
from four fields of varying population densities it is con­
cluded that: 
1. The Biropean corn borer is contagiously distributed 
following a Polsson binomial distribution with n=2, althou^ 
A Neyraan type A does graduate the data fairly well as does 
the negative binomial. 
2. Samples from a European corn borer population follow 
the negative binomial distribution for values of the mean 
above one. ^'or values of the mean less than one the Polsson 
binomial Is the appropriate distribution. 
3. The mortality from each egg mass is not high enough 
for the Polsson law to apply. The binomial law gives a more 
satisfactory explanation. 
4. The transformation of contagious data is necessary 
for populations with mean values of 3 or less. A new square 
root transformation is presented which gives a more stable 
variance than Beall's inverse hyperbolic sine transformation 
for contagious distributions. 
5. Both transformations will stabilize the variance and 
will give a fair approximation to normality as indicated by 
the (3 coefficients. Beall's transformation gives a better 
approximation to normality than the square root transformation. 
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6. The H. Fairfield Smith empirical law for hetero­
geneity holds for corn borer infestations although originally 
used to describe soil heterogeneity. This indicates that 
there may be a large correlation between soil fertility, 
larger plants, and more egg masses laid on them. 
7. There were some effects in the variances for dif­
ferent sizes of plots which could be due to shape of plot 
but a multiple regression using a shape factor consisting of 
the ratio of length of row to number of rows was unsuccessful 
in describing this effect. 
8. A plot used for testing insecticides with power 
equipment may be as long as 125 feet provided it is four to 
six rows wide. There was only alight increase in efficiency 
in using six rows over four. 
9. The minimum sample size is twenty plants selected 
at random within a plot If plot totals are to be analyzed, A 
chart for determining the sample size is provided. 
75 
LITERATURE CITED 
1. Anacombe, P. J. The statistical analysis of insect 
counts based on the negative binomial distribution. 
Biometrics 5:165. 1949. 
2. Sampling theory of the negative binomial and 
logarithmic series distributions. Biometrika 57:358. 
1950. 
3. Arbuthnot, K. D. Temperature and precipitation in rela­
tion to the number of generations of European corn 
borer in the United States. U.S.D.A. Tech. Bui. 987. 
1949. 
4. Archibald, E. E. A. Plant populations. II The estima­
tion of the number of Individuals per unit area of 
species in heterogeneous plant populations. Ann. Bot. 
N. S. 14:7. 1950. 
5. Bancroft, T. A., Wilson, C., and f^ilson, J. P. Size and 
shape of plots and distribution of plot yield for field 
experiments with peanuts. Alabama Polytechnic Insti­
tute Agr. Exp. Sta. Progress Report Series No. 39. 
1948. 
6. Barber, G. W. Some factors responsible for the decrease 
of the European corn borer in New England during 1923 
and 1924. Ecology 7:145. 1926. 
7. Bartlett, M. S. The use of transformations. Biometrics 
3:39. 1947. 
8. Bateman, G. I. The power of the index of dispersion 
test when Neyman's contagious distribution is the 
alternate hypothesis. Biometrika 36:59. 1949. 
9. Beall, 6. Methods of estimating the population of in­
sects in a field. Biometrika 30:422. 1939. 
10. The fit and significance of contagious distri­
butions when applied to observations on larval in­
sects. Ecology 21:460. 1940. 
11. The transformation of data from entomological 
field experiments so that the analysis of variance 
becomes applicable. Biometrika 52:245. 1942. 
74 
12. and Rescia, R. R. A generalization of Neyman's 
contagious distributions. Biometrics 9:354. 1953. 
13. Bliss, C. I. and Fisher, R. A. Pitting the negative 
binomial distribution to biological data and note on 
the efficient fitting of the negative binomial. 
Biometrics 9:176. 1953. 
14. Caffrey, D. J. and Worthley, L. H. A progress report 
on the investigations of the Shropean corn borer. 
U.S.D.A. Dept. Bui. 1476. 1927. 
15. Cochran, W. G. Some consequences when the analysis of 
variance are not satisfied. Biometrics 3:22. 1947. 
16. Conners, H. 1. Field plot techniques for sweet potatoes 
obtained from uniformity trial data. Unpublished 
M. S. Thesis. Ames, Iowa, Iowa State College Li­
brary. 1951. 
17. lisenhart, C. The assumptions underlying the analysis 
of variance. Biometrics 3:1. 1947. 
18. Evans, D. A. Experimental evidence concerning contagious 
distributions in ecology. Biometrika 40:211. 1953. 
19. Peiier, W. On a general class of contagious distribu­
tions. Ann. Math. Stat. 14:389. 1943. 
20. Fisher, R. A. The negative binomial distribution. 
Ann. lug. Lond. 11:341. 1941. 
21. Greenwood, M, and Yule, G, tJ. An inquiry into the na­
ture of frequency distributions representative of 
raultiple happenings with particular reference to the 
occurrence of multiple attacks of disease or of re­
peated accidents. Royal Stat. Soc. J. 83:255. 1920. 
22. Huber, L. L., Neiswander, C. R., and Salter, R. M. The 
Ikxropean corn borer and its environment. Ohio Agr. 
Exp. Sta., Wooster, Ohio. Bui. 439. 1938. 
23. Kempthorne, 0. Design and analysis of experiments. 
1. Y. John Wiley and Sons, Inc. 1952. 
24. Kendall, M. G. The advanced theory of statistics. 3d 
ed. London, Charles Griffin and Co., Ltd. 1951. 
75 
25. Ne^ an, J. On a new class of "contagious" distribu­
tions, applicable in entomology and bacteriology. 
Ann. Math. Stat. 10:35. 1939. 
26. Polya, G. Sur quelquea points de la theorle des 
probabilites. Ann. Inst. H. Poincare ljll7. 1931. 
27. Satterthwaite, P. E. Generalized Poisson distribution. 
Ann. Math. Stat. 13:410. 1943. 
28. Shenton, L. R. On the efficiency of the method of mo­
ments and Heyman's type A distribution. Biometrika 
36:450. 1949. 
29. Skellam, J. G. Studies in statistical ecology. 
Biometrika 39:346. 1952. 
30. Smith, H. P. An empirical law describing heterogeneity 
in the yields of agricultural crops. J. Agr. Sci. 
28:1. 1938. 
31. Stirrett, G. M. A field study of the flight, oviposi­
tion and establishment periods in the life cycle of 
the Bxropean corn borer, Pyrausta mibilalis Hbn., 
and the physical factors affecting them. Sci. Agr. 
18:355. 1938. 
32. Taylor, H. L. The effect of plot shape on experimental 
error. Unpublished M. S. Thesis. Ames, Iowa, Iowa 
State College Library. 1951. 
33. Thomas, M. The generalization of Poisson's binomial 
limit for use in ecology. Biometrika 36:18. 1949. 
34. U. S. National Bureau of Standards. Tables of the 
exponential function e*. 2d ed. Wash., D. 0. U. S. 
Gov. Printing Office. 1947. 
35. Wadley, F. M. Notes on the form of distribution of 
insect and plant populations. Ann. Int. Soc. Am. 
43:581. 1950. 
76 
ACKKOWLEDGSIINTS 
The writer is deeply indebted to Dr. H, M, Harris, Head 
of the Department of Zoology and Entomology, for encourage­
ment and guidance during the writer's years of study at Iowa 
State College; to I>. T. A. Brindley, Head of the U. S, D. A. 
Kiropean Corn Borer Laboratory and Professor of Entomology at 
Iowa State College, in charge of the major subject? and to 
Dr. T. A. Bancroft, Head of the Department of Statistics, 
Iowa State College, in charge of the minor work* Their 
valuable suggestions and help made this work possible. 
Thanks are also due to Dr. J. Gurland, and Dr. H. 0. 
Hartley of the Department of Statistics for their help with 
the theoretical aspects of the investigation; and to Mrs. 
Mary Clem, in charge of the Computing Laboratory, for the use 
of the I. B. M. equipment and many procedural suggestions. 
Special thanks are due Mrs. W. Rowley, Mrs. M. Colman, 
and the National Science Foundation for the financial help 
which made this work possible. 
The writer wishes to express his appreciation to Dr. W. 
Don Pronk, Department of Zoology and Entomology, for reading 
and suggesting Improvements on the greater part of the manu­
script; and to Mr. Lyle Golman, in immediate charge of corn 
borer survey activities, for help in locating the fields 
used in this study. 
To his wife, Cora, the writer wishes to express his 
77a 
undying gratitude for the innumerable ways in which only a 
wife can help. 
77b 
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APPiroiX A 
Codes for Visual Evaluation of Plant Damage 
79 
Visual method for evaluating the amount of plant injury by 
different levels of Shropean corn borer infestation. Ratings 
used by the Corn Borer Laboratory at Ankeny, Iowa. 
Glass 1. No visible leaf injury to a small amount of pin or 
fine shot-hole type of injury on a few leaves; no visible 
evidence of stalk invasion. 
Class 2. Small amount of shot-hole type lesions on a few 
leaves and only occasional small lesions on the sheath; 
occasional indication of stalk invasion. 
Class 5. Shot-hole injury common on several leaves of most 
plants with lesions slightly elongated and occasional midrib 
and sheath injury; occasional node or internode with evi­
dence of stalk invasion. 
Glass 4. Several leaves of most plants with shot-hole and 
elongated lesions; some midrib, leaf collar and sheath in­
jury; most plants with a few node or internode invasions. 
Class 5. Several leaves with short elongated lesions; midrib 
collar and sheath injury on a few leaves; few node or inter-
nodes showing evidence of stalk invasion. 
Class 6. Several leaves with elongated lesions (about 1 
inch); midrib, collar and sheath injury common. Few nodes 
and internodes showing stalk invasion. 
Class 7. Long lesions common on several leaves of moat plants; 
sheath injury and collar girdling common. Stalk invasion 
evident at several nodes or internodes common. 
Class 8. Long lesions common on about 1/2 of the leaves of 
most plants; severe midrib and sheath damage; about 1/2 of 
nodes or internodes showing evidence of stalk invasion. 
Glass 9. Most of leaves with long lesions; severe collar 
girdling and sheath injury; most of the nodes and internodes 
showing evidence of stalk invasion. 
Suggested methods for making leaf lesion counts. 
Count all lesions 1/2 inch in extent on the midrib and 
sheath. Sometimes it is desirable to count long collar in­
juries, extending on both sides of the midrib, as 2 lesions. 
If the counts are made when stalk invasion is sufficiently 
advanced externally visible barrows can be readily counted. 
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Visual method for evaluating the amount of plant Injury used 
by the author In classifying part of the plants dissected in 
experimental area number one. 
Light-—- Very light evidence of borer activity. Leaves with 
lesions; no Indication of stalk invasion. 
Medium-— Evidence of one or two tunnels in stalk. 
Heavy—— Evidence of three or more tunnels in staiic. 
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APPENDIX B 
Mathematical Formulae 
82 
The negative binomial distribution 
If a Polsson parameter A varies according to a Gamma 
distribution then the probability of x successes is given by 
00 
(1) P = / g-cA^d-i g-X ^  
X / r(d) xi 
^ I -X(c-t-l) dtx-i 
Jo 
'2' = (rf , 0 4 X <0. , 
which is the form of the negative binomial given by Kendall 
(24). To get the form given by most authors let d = k and 
c = 1/p so that 
' q"" xllklli! (1)" ,04K<a.. 
where q s l^p. 
The moment generating function for the negative binomial 
is 
-k 
(4) ^(t) = ^1 - (e^ - l)p^ 
and the first 3 moments ares 
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K ® kp 
(5) u^, » kp(l + p) 
J1I3 = kp(l + p) (1 +• 2p) . 
Only tile first two moments are needed for fitting, the third 
may be used to compare the following distributions with this 
one and for testing the agreement of data to theoretical mo­
ments . 
Anscombe (2) points out that it I3 often more convenient 
to use factorial cumulanta In describing discreet dlstribu-* 
tlons so, by letting e^ = (u 1) in (4) the factorial moment 
generating function Is 
(6) 0(u) = (1 - -upj"^ 
and on taking the natural logarithm of (6) 
(7) lnJ2f(u) - -k ln(l - up) 
the required factorial cumulant generating function Is found. 
The i th factorial cumulant is 
(8) KpQ s (1 - 1)1 kp^ . 
Prom relation (8) the cumulanta and momenta are found, as 
follows i 
la; = K. = 
(9) u, = K;, » + Kp3 
84 
Jij - Kg = %] + 3K£2^ + Kjj3 
= %3 t - 7% . Kf.j . 
From the first two moments the value of the parameters 
are calculated by using the sample estimates of }i', = x and 
both of which are calculated In the usual way. The 
moment estimates of k and £ are, 
(10) kjjj = xVCs"" - x) , Pjjj - x/k^ . 
If the proportion of zeros is relatively large the 
parameters of the distribution are fitted by using the pro­
portion of total frequency N to frequency of zeros n^. The 
procedure consists of balancing the equation 
(11) k^ ln(l - x/k|.) = ln(N/nQ) . 
Once k is estimated p is arrived at as in equation (10). 
Anscombe (1) has plotted the large sample efficiencies 
for the above two estimates of k so that it is a simple pro­
cedure, having k and x, to determine the efficiency. Under 
certain conditions neither of the above methods results in 
high efficiency and the method of maximum likelihood, as de­
veloped by Pisher and appended to the paper by Bliss (13), is 
indicated. The procedure consists of computing a score 
with trial values of k. The required k'is that for vftiich 
= 0 in the equation 
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(12) s " N ln(l t- x/V:^) 
where the first trial value la computed from equation (10). 
la the cumulative frequency of all polnta greater than x. 
A 
The varlancea of k for the above three eatlmatea ares 
(13) Var(kjjj) 2d(k t- l)(k + xf /Nx"^ 
(14) Var(k|.) —" 3- " ^  where X = x /(kf x) 
N[-ln(l - X) - X]^ 
(15) Var(k„j^) = - 1£„)AV, - ^n' 
where k' and z are the last two values of k^and z used in es­
timating k. 
Bliss (13) gives two tests, due to Anscombe, for testing 
the departure of the data from the negative binomial. Test 1 
consists of computing the difference of the third sample mo­
ment from its estimated value 
(16) T = fflg - ji, 
where mg is calculated from the sample and pj is calculated 
from the parameters estimated from the first 2 sample momenta 
using the relationship 
(17) ja3 = kp(l + p)(l + 2p) mg = s^(2s^/x - 1) 
(18) Var(T)'^ p -f- k f ^[4p''(3 + 5p) + Bs^ /N . 
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Test 2 consists of computing the difference of the 
variance from its estimated value. 
(19) u = - 3c - x^/k 
(20 )  Var (u )^  j - ,  .  
-ln(l-X)-X 
+ p^ Var(k|.) , 
This test is used only when k has been estimated from equa­
tion (11). 
The usual test used in determining the adequacy of the 
chosen distribution fitting the data is the Chi-square good­
ness of fit test. 
The Neyman contagious distributions 
The Neyman type A arises from a model of randomly distri­
buted egg masses in which the number of egg masses per plot 
follow a Poisson distribution with mean A, while the number 
of larvae surviving from each egg mass after a specified time 
also follow a Poisson distribution with meanAj^. The proba­
bility function is, for 0, 
(21) 
CO 
(22) 
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Its moment generating function ia 
(25) ^(t) = 
which gives the first three moments, 
p; = m, 
(24) = m, m^ (1 + ) 
|i3 - m, m^  (1 f 3m^  + ) , 
The factorial cumulant generating function is 
(25) 'Y ixx) = m, (e"^^^- 1) , ^[i]" * 
The method of moments may be used to fit the Neyman con­
tagious distributions. It is found that 
(26) m, s x^/(3^ - x) , % = x/m, = (s^ - x)/ x , 
Shenton (28) has investigated the fitting of this dis­
tribution by the method of maximum likelihood and has deduced 
a series for computing the upper bound for the efficiency of 
the method of moments. The procedure for computing the maxi­
mum likelihood estimate is to calculate a correction term 
for mg, using the probabilities calculated with the moment 
estimate and then recalculate m,. The required formulae are: 
dm, = -P(mj)/ P'(m„) = correction increment 
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CO 
~ 2Z n„(x+-l) ^X+I - nx 
i 2 e )  oo 
T . '  /  V  _ _i V , - V X^ + / %''"j'- fV . .. . P* + a  
p (%) - m„ Z- n (x+-l) P - IL n (x+1) (x^2)-p^— 
' ^ 0  X  Q X  r  
X. n_(x+lf 
0 ^x 
. 
Once % is corrected m, ia recalculated as follows, m, - x/m^ 
Bateman (8) has recently Investigated the power of index 
of dispersion aa pertaining to the type A distribution. She 
shows that whereas the index of dispersion for the Poisson 
is distributed as with n-1 degrees of freedom, for the 
type A it is distributed as (l+m^)7(^ with n-1 degrees of 
freedom. The index of dispersion is 
(xj : -x)  
(27) d s . 
X 
The ,(l+m^)^ approximation to the distribution of d may be 
used for: 
1. Determining the size of sample required in order to 
have a given chance a of detecting a departure from random­
ness. 
2. Testing the null hypothesis that samples have come 
from a type A with a given m^. 
89 
(28) pfX" > d/(l mj] . 
3. Testing the hypothesis that = 0 using a signifi­
cance level a. 
According to Anscombe (2) the more complex Neyman distri­
butions can be regarded as the limit of the sum of a large 
number of random variables following independent type A dis­
tributions with the value of distributed in a range (0,m^). 
The moment generating function for the type B is. 
Little work has been done with the above two distributions. 
Neyman (25) has given recurrent formulae for fitting them, and 
Beall (10) has fitted all three Types to corn borer data, con­
cluding that Type G generally gave the best fit when applied 
to survival data. 
The estimation of the parameters is not difficult since 
they may be derived from the parameters for the type A. 
They are related in the following ways 
(29) 
while that for type C is. 
(30) 
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Type A 
m. 
Type B 
3/4 m| - mj 
2/3 ' m; 
Type C 
2/3 m, 5 m" 
1/2 . 
The recurrent formulae arej 
Type A /PQ - e -m, (1-e-^O 
(31) 
"x+i 
x^i A-
k=0 
Type B 
(32) 
m, 
m. 
(e"%-ltm: ) 
= e 
m, 
•x + i (x+-l)m'. 
X / , k+1 
(k+1) f l-e"*"^ 
k=0 
1 P 
JSC V' 
x-k * 
Type C 
(33) 
P = e 
o 
/ " r 
2m'' e~®» , ,1 „ 
(x.i)[m;r  ^
'I y^" 1 
Z_ ^ t 
1=0 ^ -
-(k+2) ra, © *• — 
k+1 
" J 
PC j • •x-k • 
The above distributions may have one or more modes. 
More than one mode will appear when m^ is larger than m, 
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Anscombe (2) gives an example where m, s 2 and - 10 which 
has three well defined modes. The value of Is a reflec­
tion of the heterogeneity present in the population. 
The Thomas distribution 
This contagious distribution is based on a model of 
randomly distributed plant colonies in which the plants in 
each colony in excess of the central plant follow the Poisson 
law. 
The successive probabilities are given by 
rsi 
The moment generating function is 
and the factorial curaulant generating function is 
so that 
(37) = im>^^'^^+ ra:\^ 
which gives the first three moments 
92 
p,' = m(ltA) 
(38) )x^ = ra(l + SA. + A^) 
Z  3 )i3 = m(l -f- 7A +• 6A +• a ) 
In order to see the relationship of this distribution 
to those previously discussed let A = (m^j-l) where = p 
and m 2 m, = k as in the negative binomial and the Neyman 
type AJ then 
which may be compared with equations (5) and (24). For small 
values of the variance of the Thomas distribution will be 
less than that of either the negative binomial or the Neyman 
type A. For large values of the variances of the three 
distributions will be approximately equal, 
Ihe parameters of the distribution may be estimated by 
the method of moments, or by a method of maximum likelihood 
using the frequencies of zeros and ones. The method of mo­
ments gives an estimate of from the following relation 
where the positive solution is used. The primary parameter 
is then estimated from 
(39) ja'i = ra, mj^ and p.^ s m, m^(l +- m^ - 1/m^) 
(40) 
(41) m = x/d'^A) , 
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To get a maximum likelihood estimate the simultaneous 
solution of 
is required. 
The Polya-Bggenberger distributions 
The Polya-Aeppli distribution is based on a model in 
which the individuals in randomly distritnated colonies fol­
low a geometric distribution. 
The frequency function is 
(42) e"® = » me'^ = n /n^ 
-m, 
(43) 
, X > 1 
The moment generating flinction is 
m, (e^-1) 
(44) 0 (t) a e i-r-r(e^-i) 
and the factorial cumulant generating function is 
(45) ^ (u) m, u 1-T-Iu 
so that the factorial cuimilants are 
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(46) K,,, = 
™ (l-T)l 
The first three moments are: 
"Tirry 
m, 
(47) p. =^(1.^) 
The parameters are estimated by the method of moments 
from the following relations J 
For further information on the fitting of this distri­
bution see Ivans (18). 
The Poisson binomial contagious distribution 
If an insect lays egg masses over a field at random and 
the number of egg masses per unit area follow a Poisson dis­
tribution while the survivors of the n eggs per egg mass fol­
low a binomial distribution we have a contagious distribution 
related to the Neyman type A which is here designated as the 
Poisson binomial contagious distribution. 
The moment generating function follows directly from 
T = (3 -x) 
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the moment generating function for the generalized Polsson as 
developed by Satterthwaite (27) and given by Feller (19). 
The moment generating function laj 
(48) ^2^(t)  = 6Xp[a [ (pe\q) '^  
which gives the factorial moment generating function on let­
ting e^ = u -t- 1, hence 
(49) 0(u) s exp[a [(p(utl) t- q)"^ 
and the factorial cumulant generating function is 
(50) 'Y in) = aj^(p(u + l) +- q)^ 
which gives the 1 th factorial cumulant 
(51) ^1]" where (n-0) (n-1) (n-2) • • *'(n-i+l) 
so that the moments are: 
= nap 
(52) = nap(l+(n-l)p) 
p, = nap(l+3(n-l)p + (n-1) (n-2)p'^) . 
The parameters of the distribution may be estimated by 
the method of moments using the following relations: 
a 2 (n-1) xV n(5-'' - x) 
p = {6-" - x)/ x(n-l) . 
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The appropriate value of n may be determined once for any 
given insect and will in general be a low value, 2 ^  n 4 4. 
For the corn borer the appropriate value of n is 2, while for 
Carex flacca Schreib. Skellam determined n to be 5. 
A preliminary estimate of n may be made using the fre­
quencies at 1 and 2, by minimizing 
(54) 2R(n-l-.y) - (n-l)y = (n-l-y) 
where R = f^j/f, and y = - x)/ x , 
From equations (53) it is easy to see that as n in­
creases a will approach m,, the main parameter of the Meyman 
type A distribution, while p will approach 0. The Poisson 
binomial distribution will then be identical to the Neyman 
type A. As n approaches 1 all the frequency is concentrated 
at the point x - 0. Whenever the moment estimates of the 
Neyman type A parameters give an expected value at x s 0 
which is less than the observed value it is expected that the 
Poisson binomial will give a better fit than the Neyman type A. 
The distribution is fitted by means of the recurrent 
expression 
- g-a(l-q^) 
x-1 
X V" /x-l\ (n-l)I ^x-i-1 n-x+i . 
7 1  Z -  i  i t  (n-x^li i P « • 
iaO 
It has been found expedient to use the following relations for 
(55) 
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all calculations t 
-p = g-ad-q'^) 
o 
(66) : 
("I') TMtT i^O 
and getting the probabilities from 
(57) P„ s p / xl . 
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APPENDIX C 
Plot Data 
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Table 15. 
Number of plants, cavities, and borers by instar, per plot. 
All plants dissected in experimental area number 1; one plant 
sampled from each hill in experimental areas 2 through 4. 
Experimental Area Number One, 
Plot ^ 7 T 7 I I ^ Total • 
No. Plants C P 6 4 3 2 Borers 
1 10 31 3 12 5 1 21 
2 7 37 1 2 12 9 24 
'^ 3 9 34 4 18 4 2 28 
4 10 29 10 22 3 1 36 
5 11 35 4 5 4 3 16 
6 9 41 3 14 17 
7 11 54 11 19 5 2 36 
8 10 42 8 19 4 31 
9 11 38 9 14 23 
10 9 20 2 4 5 4 15 
11 10 32 7 13 3 2 25 
12 11 43 7 12 7 2 28 
13 11 40 6 21 2 28 
14 11 59 8 31 3 42 
15 11 44 3 21 1 4 29 
16 9 25 1 8 3 1 13 
17 10 41 5 18 2 3 28 
18 11 47 9 12 8 29 
19 9 38 7 13 5 1 26 
20 7 18 2 5 4 1 12 
21 10 25 3 8 4 2 17 
22 9 27 3 10 3 16 
23 11 17 3 6 9 
24 11 34 2 11 3 1 17 
25 9 25 4 13 1 18 
26 9 46 9 16 6 3 34 
27 9 26 2 5 2 9 
28 12 40 6 18 1 25 
29 11 24 1 14 1 16 
30 10 38 9 14 4 27 
C = number of cavities 
P = pupae 
5 = fifth instar larvae 
4 = fourth instar larvae 
3 « third instar larvae 
2 = second instar larvae 
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Table 13 (Continued). 
Plot ^ ^ ^ Total 
No. Plants G P 5 4 3 2 Borers 
31 10 44 3 16 7 1 27 
32 9 38 5 13 2 1 21 
33 8 38 9 13 4 1 27 
34 10 48 2 27 8 1 38 
35 10 39 3 17 2 1 1 24 
36 7 29 3 6 3 12 
37 7 20 4 9 13 
38 11 51 5 23 3 31 
39 9 14 3 3 6 
40 10 40 5 17 5 4 31 
41 8 28 2 12 14 
42 9 14 1 9 10 
43 10 30 4 8 2 2 16 
44 8 18 1 8 4 1 14 
45 7 15 2 8 2 12 
46 9 29 2 13 2 17 
47 9 27 6 7 2 2 17 
48 8 44 10 10 14 4 38 
49 8 33 4 17 1 22 
50 6 22 8 6 1 15 
51 10 34 12 13 4 4 33 
52 9 44 6 16 6 3 31 
53 10 23 9 9 r» 20 
54 12 36 13 24 2 39 
55 12 39 11 9 10 31 
56 10 44 1 16 3 3 23 
57 12 26 5 9 4 3 21 
58 8 40 3 13 5 1 22 
59 11 29 3 16 4 3 26 
60 10 37 5 19 4 2 30 
61 10 40 5 12 5 4 26 
62 11 51 5 16 4 25 
63 10 34 4 8 3 15 
64 9 28 7 9 2 18 
65 10 42 2 20 3 2 27 
66 11 53 5 17 6 28 
67 7 23 4 12 1 1 18 
68 10 22 2 4 4 3 13 
69 10 24 1 13 1 15 
70 10 33 3 13 2 1 19 
71 9 35 13 12 3 2 30 
72 9 34 8 17 4 2 31 
73 11 34 1 8 7 5 21 
74 10 29 5 5 3 13 
75 9 26 6 18 3 3 30 
76 10 40 17 20 9 46 
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Table IS (Continued). 
"Plot ^ Total 
No. Plants C P 5 4 3 2 Borers 
77 10 27 1 10 5 16 
78 12 46 4 24 1 29 
79 12 58 5 23 7 7 42 
80 10 33 1 18 2 3 24 
81 9 36 4 9 4 4 21 
82 11 41 5 15 3 3 26 
83 11 35 3 10 4 5 22 
84 11 33 7 19 6 1 33 
85 11 43 3 15 3 1 22 
86 11 27 8 8 1 1 18 
87 10 28 8 5 2 2 17 
88 11 60 16 25 7 2 50 
89 12 45 9 15 1 25 
90 11 33 9 7 3 5 24 
91 10 31 3 10 2 15 
92 10 26 7 12 19 
93 12 32 3 13 4 1 21 
94 12 38 4 17 1 6 28 
95 11 34 6 10 6 1 23 
96 9 29 3 16 1 20 
97 10 28 3 10 2 5 19 
98 10 34 4 11 5 4 24 
99 8 25 2 5 6 1 14 
100 11 44 5 16 4 1 26 
101 10 28 1 13 5 3 22 
102 9 39 8 18 1 27 
103 10 39 10 14 2 26 
104 9 34 2 12 2 2 18 
105 10 41 5 21 3 29 
106 11 44 8 19 2 2 30 
107 10 33 6 15 3 1 25 
108 9 42 1 22 5 1 29 
109 9 24 2 11 1 3 17 
110 8 28 3 14 3 2 22 
111 11 39 5 12 6 1 24 
112 9 43 6 18 2 2 28 
113 10 36 3 16 1 20 
114 11 20 2 7 1 10 
115 11 36 3 13 16 
116 11 25 2 8 3 13 
117 10 35 9 5 2 16 
118 7 13 2 5 2 9 
119 11 28 7 7 3 2 19 
120 11 45 1 22 5 28 
121 11 32 3 13 2 1 19 
122 11 37 5 16 2 4 27 
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Table 13 (Continued). 
"Plot • ^ ^otal • 
No. Plants C P 5 4 3 2 Borers 
123 7 29 6 13 1 20 
124 10 40 9 16 6 1 32 
125 11 44 4 17 5 3 29 
126 10 36 11 17 4 1 33 
127 8 30 1 9 1 11 
128 10 36 2 12 8 3 25 
129 11 50 5 26 1 1 33 
130 7 30 1 13 3 3 20 
131 12 56 11 15 9 4 39 
132 10 35 9 19 3 31 
133 12 48 4 18 3 2 27 
134 11 28 2 14 3 2 21 
135 8 34 7 14 1 22 
136 11 31 13 15 4 2 34 
137 11 31 6 10 7 23 
138 11 55 14 24 4 42 
139 11 59 5 34 3 42 
140 11 46 6 21 2 1 30 
141 11 34 8 12 3 2 25 
142 12 49 5 17 3 1 26 
143 12 52 16 11 8 1 36 
144 10 38 10 15 4 29 
145 9 35 4 13 17 
146 11 45 10 10 6 3 29 
147 10 54 6 28 7 41 
148 8 29 3 13 2 5 23 
149 11 58 6 34 15 3 1 59 
150 11 46 4 24 8 4 40 
151 10 42 5 20 3 28 
152 12 36 3 13 5 4 25 
153 10 41 19 22 3 44 
154 11 35 17 15 1 3 36 
155 11 32 3 12 7 22 
156 11 44 10 22 6 4 42 
157 10 35 16 3 2 8 29 
158 11 42 3 15 3 2 23 
159 9 37 4 19 2 25 
160 11 61 10 20 7 6 43 
161 11 38 18 15 3 1 37 
162 11 43 6 21 6 4 37 
163 8 38 15 16 2 1 34 
164 9 31 6 18 24 
165 7 15 1 5 1 7 
166 8 39 5 19 5 1 30 
167 12 52 7 14 6 7 33 
168 9 32 14 6 2 22 
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Table 13 (Continued). 
Plot " ' ^ Total 
No. Plants C P 5 4 3 2 Borers 
169 10 38 5 17 8 2 31 
170 8 30 8 11 21 
171 9 37 3 17 6 1 1 28 
172 9 41 8 17 5 2 32 
173 8 30 1 10 2 2 15 
174 11 36 11 13 1 2 27 
175 11 60 5 31 9 7 52 
176 9 39 5 22 5 2 34 
177 10 27 7 16 2 1 26 
178 11 42 1 23 4 28 
179 11 42 10 15 3 1 29 
180 11 41 1 20 9 2 32 
181 8 33 2 11 6 4 23 
182 8 19 1 3 4 3 11 
183 9 21 1 7 3 11 
184 10 35 4 11 4 7 26 
185 10 32 12 25 3 40 
186 11 28 1 11 2 3 17 
187 9 35 2 11 3 16 
188 10 36 16 13 4 33 
189 8 30 6 11 2 5 24 
190 11 32 13 18 3 2 36 
191 8 28 2 15 15 
192 11 41 8 9 2 19 
193 11 38 4 19 4 27 
194 9 26 12 13 2 27 
195 12 39 4 11 9 6 30 
196 9 33 4 16 2 4 26 
197 11 55 15 9 19 43 
198 8 24 3 4 3 2 12 
199 10 28 2 10 5 17 
200 10 30 8 17 1 26 
201 11 26 3 12 6 5 26 
202 9 32 3 12 4 1 20 
203 12 49 8 18 7 7 40 
204 11 58 3 22 7 5 37 
205 8 35 1 17 5 1 24 
206 10 41 13 17 5 2 37 
207 8 35 11 18 29 
208 11 49 5 16 7 6 34 
209 9 31 2 13 6 4 25 
210 12 43 8 16 5 3 32 
211 9 37 2 16 8 5 31 
212 11 40 7 12 7 1 27 
213 10 44 7 19 9 1 36 
214 11 43 3 16 4 5 28 
No 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
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Table 13 (Continued). 
To tal 
Plants C P 5 4 3 2 Borers 
10 47 14 21 35 
11 33 9 8 3 20 
9 31 2 9 9 3 23 
12 46 15 24 3 2 44 
12 48 7 21 6 2 36 
9 60 11 20 12 5 48 
7 34 6 13 4 5 28 
11 44 6 19 10 2 37 
12 46 3 24 4 5 36 
12 39 13 22 3 38 
12 42 12 19 6 1 38 
11 54 12 24 7 1 44 
10 34 5 13 4 22 
11 53 16 5 17 2 40 
10 37 4 14 4 4 26 
9 33 3 18 21 
10 37 2 17 3 1 23 
11 34 4 13 3 20 
10 41 4 11 4 7 26 
9 49 7 14 9 8 38 
12 36 4 13 8 2 27 
7 17 3 8 1 12 
8 22 1 13 2 16 
10 33 6 13 2 3 24 
8 22 2 7 7 16 
12 34 2 12 4 7 25 
9 29 3 7 3 3 16 
11 32 2 18 2 22 
8 22 4 12 16 
9 32 2 14 1 2 19 
10 19 2 8 1 2 13 
11 50 6 22 7 3 38 
10 42 12 15 4 2 1 34 
10 38 7 16 4 1 28 
10 36 8 14 3 3 28 
11 29 9 3 4 16 
12 39 15 21 8 4 48 
9 25 6 14 1 21 
9 24 1 13 7 1 22 
8 31 7 15 22 
11 29 8 15 2 25 
9 18 1 6 3 1 11 
12 24 8 7 2 1 18 
9 36 7 18 3 1 29 
8 26 13 4 1 18 
9 30 7 17 1 25 
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Tabl e 13 (Conti nias d), 
Plot Total 
No. Plants C P 5 4 3 2 Borers 
261 7 19 2 3 5 
262 11 44 9 14 1 1 25 
263 12 30 4 11 1 16 
264 10 29 8 7 3 18 
265 11 41 3 21 7 2 33 
266 8 33 3 17 7 2 29 
267 9 27 8 15 4 27 
268 6 12 3 5 1 9 
269 6 14 1 10 2 3 16 
270 9 18 10 8 1 1 20 
271 11 46 9 18 2 29 
272 10 41 10 19 4 2 35 
273 10 40 6 19 4 2 31 
274 11 52 4 13 7 5 29 
275 11 43 9 21 6 36 
276 10 18 2 8 1 1 12 
277 7 25 8 8 3 3 22 
278 11 31 14 13 2 3 32 
279 10 44 4 21 3 5 2 35 
280 9 51 9 28 1 38 
281 11 42 4 21 9 3 37 
282 12 37 7 24 2 1 34 
283 10 38 8 15 5 1 29 
284 10 37 6 12 1 19 
285 10 35 2 14 8 1 25 
286 9 31 4 18 2 24 
287 10 53 11 11 10 3 35 
288 12 49 23 23 4 6 56 
289 8 24 6 5 4 3 18 
290 9 26 11 6 1 2 20 
291 10 48 3 17 9 4 33 
292 8 35 6 15 3 24 
293 9 32 3 18 1 1 23 
294 9 30 8 10 2 3 23 
295 11 35 9 8 8 1 26 
296 10 21 8 3 2 13 
297 9 55 3 33 1 37 
298 9 35 7 9 5 3 24 
299 12 51 3 22 9 5 39 
300 11 39 7 20 4 1 32 
301 9 27 3 14 5 4 26 
302 7 23 3 15 1 19 
303 11 31 8 9 2 1 20 
304 9 28 4 14 1 1 20 
305 9 25 7 2 9 
306 9 31 5 15 5 1 26 
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Table 15 (Continued). 
Plot Total 
No. Plants C P 5 4 3 2 Borers 
307 8 22 4 6 1 11 
308 10 33 2 16 4 3 25 
309 10 51 5 26 4 35 
310 12 50 9 19 6 34 
311 12 39 4 17 8 29 
312 10 33 5 11 1 17 
313 11 30 2 15 6 2 25 
314 9 35 9 13 5 27 
315 7 23 2 11 13 
316 12 44 11 19 3 1 34 
317 8 21 8 8 2 18 
318 11 30 8 12 9 2 31 
319 10 35 5 12 6 3 27 
320 10 38 4 25 29 
321 10 35 7 10 2 19 
. 322 10 37 11 17 2 30 
323 8 30 8 13 21 
324 9 32 2 11 1 3 17 
Experimental Area Number Two 
1 11 2 1 1 2 
2 11 4 2 3 5 
3 10 
4 11 3 2 1 3 
5 10 9 1 4 2 2 9 
6 11 7 4 1 5 
7 11 11 1 2 4 7 
8 11 3 2 1 3 
9 10 10 2 2 1 5 
10 12 11 1 3 1 5 
11 10 4 1 2 3 
12 10 7 1 3 1 1 6 
13 12 4 1 1 
14 a 2 
15 11 12 4 1 5 
16 13 9 1 4 5 
17 11 10 4 1 5 
18 10 5 1 1 2 
19 12 8 
20 12 11 1 2 2 1 1 7 
21 12 11 2 1 1 4 
22 12 8 2 1 1 1 5 
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Table 13 (Continued), 
No. Plants C P 5 4 5 2 Borers 
23 11 6 4 1 5 
24 12 9 2 2 4 
25 11 6 1 1 
26 12 4 1 2 3 1 7 
27 12 9 1 3 1 5 
28 11 13 2 1 2 2 7 
29 11 13 2 2 2 6 
30 12 9 1 2 1 4 
31 11 9 3 3 1 7 
32 12 13 2 2 1 5 
33 12 10 5 2 7 
34 9 2 1 2 3 6 
35 11 15 6 2 8 
36 10 12 3 3 
37 13 4 
38 11 8 2 1 1 4 
39 11 4 1 2 2 5 
40 11 13 1 4 6 1 12 
41 13 3 1 2 1 4 
42 12 8 3 2 5 
43 11 12 1 4 2 2 9 
44 10 6 1 1 2 
45 11 6 3 1 4 
46 11 10 1 2 3 
47 13 12 4 1 2 1 8 
48 10 8 1 2 1 4 
49 11 8 2 2 1 5 
50 12 5 1 2 2 5 
51 10 9 3 2 1 6 
52 11 10 2 7 3 12 
53 10 8 1 2 1 4 
54 13 11 3 2 5 
55 10 13 1 6 3 1 11 
56 12 15 5 2 3 10 
57 9 12 4 1 5 
58 13 5 2 2 
59 14 7 1 1 2 
60 12 5 
51 11 10 1 1 2 
62 11 8 2 3 1 6 
63 11 7 2 2 4 
64 10 7 2 2 
65 12 7 1 2 1 1 1 6 
66 11 6 2 1 3 
67 12 8 1 2 2 5 
68 10 11 1 2 1 4 
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Table 13 (Continued). 
Plot Total 
Mo. Plants C P 5 4 3 2 Borers 
69 9 5 1 1 
70 11 13 2 2 
71 11 12 2 1 2 1 6 
72 11 6 
73 12 18 6 1 4 11 
74 11 13 8 8 
75 9 15 1 9 2 1 13 
76 10 8 2 1 3 
77 11 6 2 1 2 5 
78 11 8 5 5 
79 10 13 1 3 1 3 8 
80 12 13 1 4 1 1 1 8 
81 8 10 1 3 4 
82 9 9 9 1 2 12 
83 9 7 4 2 6 
84 11 9 1 4 3 1 9 
85 11 9 3 3 
86 11 11 5 2 7 
87 11 10 3 3 
88 10 5 1 1 
89 7 11 1 3 3 2 9 
90 9 9 2 2 1 5 
91 9 6 1 1 3 5 
92 10 6 1 1 1 1 1 5 
93 9 6 1 1 2 
94 10 9 1 4 1 6 
95 11 6 1 3 4 
96 11 3 1 1 2 
97 10 10 1 2 2 5 
98 12 7 1 1 2 
99 10 9 2 2 3 7 
100 10 10 1 1 2 4 
101 12 13 6 1 7 
102 11 5 1 1 
103 12 4 2 1 1 4 
104 11 12 4 4 
105 12 6 1 1 1 3 
106 11 4 1 2 3 
107 11 7 1 1 
108 10 9 1 1 2 1 5 
109 10 8 3 1 1 5 
110 11 8 4 1 2 7 
111 9 11 2 3 1 6 
112 11 6 1 1 2 1 5 
l is 11 8 1 4 1 6 
114 13 7 2 2 1 5 
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Table 13 (Continued) 
Plot Total 
No. Plant a C P 5 4 3 2 Borers 
115 9 15 2 7 9 
116 11 6 1 1 2 
117 12 5 1 1 2 
118 10 12 3 4 1 8 
119 B 4 1 11 1 1 5 
120 10 10 2 2 4 
121 11 2 2 2 
122 9 5 111 3 
123 9 4 1 1 
124 12 5 1 4 5 
125 12 10 4 1 1 1 7 
126 11 8 3 1 1 2 7 
127 12 11 1 3 3 1 8 
128 11 11 3 2 3 2 10 
129 12 10 4 4 
130 11 6 1 1 2 4 
131 11 9 2 1 1 4 
132 8 2 
133 11 9 2 3 5 
134 10 10 3 3 1 2 9 
135 10 12 1 2 1 4 
136 11 9 2 1 3 
137 8 8 3 1 2 6 
138 10 7 2 1 3 
139 10 6 2 2 2 6 
140 9 5 1 1 1 2 5 
141 10 5 1 1 
142 13 8 3 1 4 
143 12 8 1 3 2 6 
144 11 8 3 1 4 
145 9 11 2 6 8 
146 10 17 6 2 1 9 
147 9 12 2 4 1 7 
148 12 8 1 1 2 
149 11 10 1 3 1 1 3 9 
150 10 11 5 2 2 9 
151 12 13 2 6 2 10 
152 9 18 1 4 2 2 5 14 
153 9 12 2 2 4 2 10 
154 11 11 2 3 5 
155 11 6 3 3 
156 8 10 3 3 
157 8 7 3 1 1 5 
158 12 7 4 1 2 7 
159 9 17 2 2 3 1 8 
160 8 14 4 3 5 1 13 
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Table 13 (Continued). 
Plot Total 
No. Plants C P 5 4 3 2 Borers 
161 11 8 11 2 
162 10 17 5 4 1 10 
163 7 19 2 12 2 1 17 
164 13 9 4 3 1 1 9 
165 10 16 4 2 6 
166 11 13 2 2 1 5 
167 9 15 1 7 1 2 11 
168 11 13 
169 10 13 1 5 1 2 9 
170 11 11 2 2 1 5 
171 11 14 2 9 2 2 1 16 
172 12 16 5 2 7 
173 12 6 1 1 
174 11 4 1 1 1 3 
175 12 9 4 1 2 1 8 
176 12 6 1 3 1 5 
177 12 16 1 1 1 3 6 
178 10 8 1 1 1 3 
179 11 10 2 1 1 4 
180 9 16 1 7 3 1 12 
1 8 1  1 1  6  1 3  4  8  
182 10 11 7 7 
183 9 8 4 1 5 
184 11 10 1 2 2 5 
185 9 6 2 1 3 
186 11 7 5 4 2 11 
187 12 6 2 2 
188 12 17 1 1 1 2 5 
189 13 17 7 4 4 X5 
190 12 13 2 5 6 1 2 16 
191 11 7 1 11 3 
192 12 16 2 2 2 1 7 
193 12 8 1 1 2 
194 13 8 2 2 
195 12 7 4 2 1 7 
196 11 8 2 1 3 6 
197 11 5 12 3 
198 10 9 1 1 4 6 
199 16 6 1 2 1 4 
200 13 11 5 5 
201 12 4 1 1 2 
202 11 10 6 6 
203 12 7 1 4 5 
204 14 12 2 1 3 1 7 
205 15 9 1 1 2 
206 9 20 1 1 5 1 8 
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Table 15 (Continued). 
"Plot ^ Total 
No. Plants C P 5 4 3 2 Borers 
207 15 6 1 1 2 
208 11 8 5 2 7 
209 12 8 2 2 4 
210 13 8 1 2 3 
211 12 10 1 2 3 6 
212 10 9 2 1 3 
215 13 10 3 1 2 6 
214 13 13 2 4 2 1 9 
215 13 7 1 1 
216 12 4 1 1 2 
217 16 9 7 1 1 9 
218 13 7 5 2 2 9 
219 15 10 1 2 1 1 5 
220 12 9 2 3 5 
221 10 11 2 5 1 1 9 
222 13 13 4 1 1 6 
223 13 7 1 1 2 
224 13 6 1 1 2 
225 14 4 1 1 1 3 
226 10 4 1 1 
227 10 18 1 5 2 2 10 
228 11 18 2 6 5 13 
229 11 8 1 1 
230 15 5 1 1 2 
231 12 8 1 1 2 
232 13 9 1 1 
233 9 2 1 1 2 
234 12 7 3 2 1 6 
235 11 9 4 4 
236 13 7 2 2 1 5 
237 12 9 1 3 2 1 7 
238 13 10 5 4 2 3 14 
239 14 8 5 1 6 
240 14 7 5 1 2 8 
241 12 11 3 2 5 
242 14 7 3 1 4 
243 13 4 4 4 
244 11 5 
245 12 12 6 2 3 2 13 
246 10 6 2 1 3 
247 13 9 3 3 1 7 
248 13 10 4 4 
249 9 7 1 2 2 5 
250 10 10 6 1 7 
251 13 7 1 1 2 
252 11 6 3 3 
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Table 13 (Continued). 
PI^ Total 
No. Plants CP 5 4 3 2 Borers 
253 15 8 4 1 1 6 
254 12 6 3 1 4 
255 11 8 2 4 2 8 
256 13 6 1 1 2 
257 11 6 1 1 2 
258 9 5 2 2 
259 14 11 1 3 3 2 9 
260 14 1 1 1 1 1 4 
261 13 5 1 1 2 
262 12 11 1 5 1 1 8 
263 12 11 1 3 1 1 6 
264 11 6 1 1 2 
265 14 4 1 1 
266 13 8 4 1 2 1 8 
267 15 4 1 1 1 1 4 
268 10 17 1 4 2 2 9 
269 11 3 2 1 3 
270 12 10 4 1 1 6 
271 14 6 4 2 6 
272 14 13 1 3 1 5 
273 13 6 1 1 4 6 
274 11 3 1 1 3 5 
275 15 2 1 3 4 
276 15 9 2 3 2 7 
277 12 14 4 1 1 2 8 
278 15 12 1 3 1 5 
279 16 6 1 1 1 1 4 
280 10 5 1 2 3 
281 13 3 1 1 
282 13 6 1 1 
283 15 9 5 2 1 8 
284 13 12 5 1 6 
285 13 8 1 1 1 3 6 
286 13 14 6 2 1 9 
287 13 13 2 4 3 9 
288 10 11 5 5 
289 12 11 4 4 
290 14 3 1 2 3 
291 10 6 3 1 4 
292 9 7 1 1 
293 15 7 2 3 5 
294 12 7 1 2 1 4 
295 11 12 2 1 3 6 
296 14 8 2 1 1 1 5 
297 11 8 2 2 
298 12 6 1 1 2 4 
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Table 13 (Continued) 
Tot 
299 13 5 3 3 1 1 8 
200 14 4 2 1 1 4 
201 12 11 1 3 2 1 7 
302 10 9 3 3 
303 12 15 1 4 5 
304 13 7 5 1 6 
305 11 8 1 2 3 
306 12 7 1 1 2 4 
307 13 7 5 5 
308 13 6 1 1 2 
309 15 10 4 2 6 
310 13 8 2 2 
311 13 15 15 4 3 2 24 
312 14 6 3 3 
313 12 16 1 1 1 2 1 6 
314 12 3 1 1 2 
315 14 6 1 1 
316 14 10 2 1 2 1 6 
317 12 8 1 1 1 3 
318 11 8 1 1 3 5 
319 11 9 7 3 10 
320 13 7 1 2 1 1 2 7 
321 11 11 1 2 1 4 
322 13 1 
323 11 5 1 1 2 
324 12 6 1 1 2 4 
Experimental Area Number Three 
1 12 , 5 1 1 
2 9 3 
3 11 3 
4 9 13 1 2 3 
5 12 11 1 1 
6 10 1 
7 12 
8 10 6 1 1 1 3 
9 7 5 3 3 
10 10 6 3 2 5 
11 12 4 1 1 2 
12 11 3 1 1 
13 12 3 1 1 2 
14 10 
15 11 4 
114 
Table 15 (Continued). 
Plot Total 
lo. Plants 0 P 5 4 3 2 Borers 
16 12 2 1 1 
17 10 
18 12 
19 10 4 
20 9 6 1 1 
21 8 10 3 3 
22 12 5 2 2 
23 11 4 
24 11 7 1 1 
25 11 8 
26 9 4 1 2 3 
27 11 6 1 1 2 
28 10 3 
29 11 4 2 1 3 
30 12 5 
31 12 7 1 1 
32 9 7 1 3 2 6 
33 12 3 1 1 
34 11 3 
35 10 4 1 1 
36 11 5 
37 9 8 1 1 1 1 4 
38 10 2 1 1 
39 12 12 1 1 
40 12 4 2 2 
41 12 9 1 1 2 
42 11 11 3 3 
43 11 5 2 1 3 
44 12 8 2 2 
45 9 4 2 2 
46 12 3 1 1 
47 11 4 1 1 2 
48 12 
49 11 4 1 1 2 
50 12 
51 11 6 1 1 2 
52 12 9 
53 12 9 1 2 1 4 
54 11 3 2 2 
55 9 2 1 1 
56 12 12 6 1 7 
57 9 11 1 2 3 
58 11 1 1 1 
59 12 5 2 1 3 
60 11 9 1 1 
61 11 8 3 1 4 
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Table 15 (Continued). 
"Plot Total 
No» Plants C P 5 4 3 2 Borers 
62 12 4 
63 11 4 1 1 
64 10 
65 11 5 3 3 
66 11 1 
67 9 4 3 3 
68 10 
69 12 
70 11 1 
71 10 4 1 1 
72 10 7 3 3 
73 12 5 1 2 3 
74 11 6 1 1 
75 7 5 
76 11 3 1 1 
77 10 2 
78 9 3 1 1 
79 10 9 2 1 3 
80 9 6 1 1 
81 12 7 1 4 1 1 7 
82 7 12 1 2 3 
83 11 5 1 1 
84 7 4 1 1 2 
85 11 1 
86 12 1 1 1 
87 12 
88 8 2 1 1 
89 8 2 1 1 2 
90 6 3 1 1 2 
91 11 6 1 1 2 
92 10 6 5 5 
93 11 7 1 4 5 
94 9 5 1 1 
95 11 5 1 3 4 
96 11 5 1 1 
97 11 8 6 6 
98 7 4 1 1 
99 9 2 1 1 
100 10 3 
101 10 3 
102 12 5 1 2 3 
103 11 13 1 2 3 
104 10 1 1 1 
105 10 12 1 1 1 3 
106 9 7 
107 9 4 1 1 2 
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Table 13 (Continued) 
"Plot ~ Total 
No. Plants 0 P 5 4 3 2 Borers 
108 11 7 1 1 1 3 
109 11 2 1 1 2 
110 11 4 1 1 2 
111 8 6 2 2 
112 11 4 1 1 
113 11 6 1 1 2 
114 10 
115 11 4 
116 9 5 1 1 1 3 
117 12 3 
118 7 3 1 1 
119 10 8 1 1 
120 10 2 1 1 
121 12 2 
122 12 2 1 1 
123 8 3 
124 10 2 1 1 
125 9 2 
126 10 4 2 2 
127 12 3 
128 11 1 1 
129 11 3 
130 12 6 2 1 3 
131 9 1 1 1 2 
132 11 7 4 4 
133 10 8 1 1 
134 9 7 2 1 3 
135 11 2 1 1 
136 11 6 2 1 3 
137 12 5 4 4 
138 11 7 1 2 2 5 
139 11 3 3 3 
140 11 7 1 1 
141 9 5 1 1 
142 11 3 
143 11 4 2 2 4 
144 11 2 1 1 
145 11 2 1 1 2 
146 8 11 2 2 1 5 
147 10 5 3 3 
148 11 9 3 3 
149 9 2 
150 12 7 1 1 2 
151 12 6 3 1 1 5 
152 9 2 1 1 2 
153 9 5 1 2 3 
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Table IS (Continued). 
Plot Total 
Mo. Plant a 0 P 5 4 3 g Borera 
154 7 7 1 1 2 
155 9 15 1 1 
156 9 4 1 1 
157 9 2 
158 10 5 1 1 
159 10 4 2 2 
160 11 1 1 1 
161 10 5 1 1 
162 9 5 2 2 
163 10 3 1 1 
164 12 6 1 2 3 
165 11 1 
166 5 14 2 3 2 7 
167 12 5 2 1 3 
168 9 3 2 2 
169 11 
170 11 7 11 2 
171 10 3 1 1 
172 12 6 
173 12 4 
174 11 3 
175 11 5 3 1 4 
176 11 5 2 2 
177 12 3 3 1 4 
178 11 3 1 1 2 
179 10 1 1 1 
180 12 8 1 1 
181 12 5 1 1 1 1 4 
182 9 6 3 1 4 
183 9 2 1 1 
184 9 8 2 1 3 
185 10 11 4 2 6 
186 11 6 1 3 1 5 
187 9 7 2 1 3 
188 12 3 1 1 
189 12 14 3 2 5 
190 10 1 1 1 
191 10 2 1 1 
192 11 2 1 1 
193 10 3 2 2 
194 11 1 1 1 
195 7 1 
196 10 3 1 1 
197 10 5 1 1 2 
198 9 8 3 3 
199 11 9 5 1 6 
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Table 13 (Contlntied) 
Plot Total 
No. Plants C P 5 4 3 2 Borers 
200 8 13 2 3 3 8 
201 7 6 1 1 2 
202 10 14 4 1 1 6 
203 10 1 1 1 
204 9 5 
205 9 3 2 2 
206 9 7 1 1 2 
207 9 2 1 1 
208 9 5 1 2 1 4 
209 8 2 
210 9 
211 10 4 1 1 
212 11 2 1 3 1 5 
213 8 7 
214 11 6 2 2 
215 9 
216 12 2 
217 12 8 1 1 
218 9 2 
2iy 11 1 1 1 
220 11 4 1 2 3 
221 10 1 
222 12 4 1 1 2 
223 9 7 1 1 
224 10 4 2 1 3 
225 8 9 2 1 3 
226 6 1 
227 10 2 1 1 
228 7 2 
22y 12 1 
230 11 5 1 1 2 
231 12 2 1 1 
232 11 3 
233 10 4 1 1 
234 12 5 1 1 
235 la 8 2 1 3 
236 9 2 
237 10 14 1 2 1 4 
238 9 8 2 2 
239 10 3 1 1 
240 10 4 1 1 2 
241 10 5 1 3 4 
242 12 9 2 2 
243 11 1 1 1 2 
244 11 2 1 1 
245 10 4 
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Table 15 (Continued). 
"Plot ^ Total 
Ho. Plants G P 5 4 3 2 Borera 
246 11 6 1 2 3 
247 10 3 1 1 2 
248 12 4 
249 11 5 2 2 
250 12 2 
251 9 11 5 1 6 
252 11 3 1 1 
253 10 2 1 1 
254 9 6 1 1 
255 10 8 3 1 4 
256 10 8 2 2 
257 10 1 1 1 
258 9 7 1 1 
259 10 14 1 1 
260 11 6 1 2 1 4 
261 10 6 
262 7 2 
263 10 5 
264 8 1 1 1 
265 11 1 1 1 
266 11 2 
267 11 3 1 1 
268 8 2 
269 8 2 1 1 
270 11 5 1 1 
271 11 6 2 1 3 
272 9 4 1 1 2 
273 10 8 2 2 
274 12 2 
275 8 5 1 1 
276 9 6 2 1 3 
277 9 6 1 1 
278 10 10 4 1 5 
279 9 6 1 1 2 
280 10 2 1 1 
281 11 8 4 1 5 
282 12 8 2 2 
283 12 4 1 1 
284 10 4 
285 9 4 1 1 
286 10 6 3 3 
287 8 5 
288 10 3 
289 9 3 1 1 
290 9 1 1 1 
291 10 5 
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Table 15 (Continued). 
Plot 
No. Plants C P 5 4 3 
Total 
2 Borers 
292 10 4 2 2 
293 6 
294 10 4 2 1 3 
295 10 3 
296 11 6 1 2 3 
297 9 5 1 1 
298 7 5 
299 11 7 1 1 
300 11 2 1 1 
301 10 2 1 1 
302 7 4 
303 11 2 1 1 
304 5 
305 9 
306 9 1 1 1 1 3 
307 8 2 
308 10 5 2 2 
309 11 1 
310 10 4 1 1 2 
311 8 5 1 1 
312 9 4 2 2 
313 10 4 2 2 
314 12 6 1 1 
315 10 8 1 3 1 1 6 
316 9 4 
317 11 3 1 1 
318 8 1 
319 10 
320 9 3 
321 8 1 
322 7 1 
323 10 3 1 1 
324 10 
Experimental Area Mumber Pour 
1 13 4 
2 10 1 
3 12 
4 10 3 
5 8 2 
6 10 3 
7 12 3 
8 9 
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Table 13 (Continued). 
yiot ^ ^ Total 
No. Plants C P 5 4 3 2 Borers 
9 11 
10 11 
11 11 
12 10 
15 9 
14 10 3 
15 10 
16 11 
17 11 
18 12 
19 12 7 
20 9 3 3 
21 9 
22 10 1 1 1 
23 11 3 
24 13 2 2 2 
25 8 7 1 1 
26 11 
27 8 5 1 1 
28 10 5 
29 11 1 
30 7 
31 13 
32 10 5 1 1 
33 8 2 1 1 2 
34 11 4 1 1 2 
35 11 1 
36 11 3 2 1 3 
37 10 2 
38 . 10 6 3 3 
39 8 4 
40 10 5 2 2 
41 11 3 1 1 
42 11 2 1 1 2 
43 9 
44 8 7 3 3 
45 9 1 
46 11 3 
47 10 4 1 1 
48 7 1 1 1 
49 8 3 1 1 
50 10 3 1 3 1 5 
51 10 2 1 1 2 
52 10 3 3 3 
53 8 7 1 1 
54 11 4 2 1 3 
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Table 13 (Continued), 
Tlot '' Totial 
No* Plants C P 5 4 3 2 Borers 
55 11 4 
56 10 1 
57 12 
58 11 5 1 1 
59 10 3 
60 11 3 1 1 
61 12 1 1 1 
62 10 8 1 1 
63 12 8 1 1 
64 12 3 
65 12 2 
66 11 3 
67 11 4 1 1 
68 9 1 
69 12 
70 9 
71 13 2 1 1 2 
72 9 5 1 1 
73 11 2 
74 9 1 
75 12 3 1 1 
76 9 3 1 1 
77 12 2 1 1 
78 10 4 1 1 
79 11 1 
80 11 4 1 1 1 3 
81 10 3 2 2 
82 13 1 
83 10 2 
84 12 2 
85 10 
86 11 6 1 1 2 
87 10 5 1 1 2 
88 11 4 2 2 
89 12 6 2 1 3 
90 13 
91 10 2 1 1 2 
92 12 
93 11 3 
94 11 
95 10 
96 10 
97 10 1 
98 12 2 1 1 
99 11 1 
100 11 
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Table 13 (Continued). 
Plot ^ " fo'tal" 
No. Plants C P 5 4 5 2 Borers 
101 12 4 
102 10 2 1 1 
103 10 1 1 1 
104 8 
105 9 2 1 1 
106 11 
107 12 
108 9 2 1 1 
109 9 2 
110 13 
111 10 
112 9 
113 10 2 2 2 
114 9 2 
115 7 2 
116 11 1 
117 10 
118 12 1 
119 8 1 1 
120 11 1 1 1 
121 8 
122 11 2 1 1 2 
123 11 2 
124 10 
125 12 3 
126 10 3 3 3 
127 9 6 1 1 2 
128 11 3 
129 11 2 1 1 
130 10 2 
131 11 2 
132 7 4 3 3 
133 11 3 1 1 
134 14 3 1 1 
135 9 2 
136 10 1 
137 8 
138 11 
139 10 4 
140 10 1 
141 9 1 
142 9 3 1 1 
143 10 2 
144 15 2 
145 11 2 1 1 
146 10 
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Table 12 (Continued) 
tal 
147 11 2 
148 10 2 
149 10 3 1 1 
150 12 5 3 3 
151 8 3 
152 13 1 1 1 
153 12 
154 9 
155 10 2 1 1 
156 12 2 1 1 
157 10 1 
158 12 1 
159 11 2 1 1 
160 10 2 2 1 3 
161 11 2 2 2 
162 11 3 1 1 
163 9 2 
164 13 1 
165 12 
166 10 5 2 2 
167 8 2 1 1 
168 11 4 
169 12 3 
170 12 
171 12 
172 12 4 1 2 3 
173 10 1 1 1 
174 12 3 
175 12 3 1 1 
176 11 4 1 1 
177 11 4 2 2 
178 10 3 1 1 
179 11 1 1 1 
180 11 3 1 1 2 
181 11 1 1 1 
182 8 2 1 1 
183 13 2 2 2 
184 10 4 
185 8 
186 11 1 1 1 
187 11 
188 12 1 
189 8 2 1 1 
190 12 
191 12 2 1 1 
192 9 1 
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Table 13 (Continued) 
Plot 
No. Plants C P 5 4 3 
Total 
2 Borers 
195 9 
194 12 
195 12 
196 8 5 1 1 1 3, 
197 15 
198 9 
199 15 1 
200 10 5 
201 11 7 4 4 
202 9 4 1 1 
205 12 1 1 
204 9 
205 10 1 1 1 
206 11 2 
207 10 5 
208 8 
209 11 
210 10 
211 10 2 
212 11 2 2 2 
213 11 
214 11 1 
215 11 1 
216 11 2 
217 9 
218 8 1 
219 15 2 
220 14 
221 13 5 
222 11 
225 13 2 
224 10 2 1 1 2 
225 13 3 1 1 
226 11 1 
227 10 5 1 3 4 
228 12 1 1 1 
229 15 1 
250 11 2 1 1 
231 10 2 
252 12 6 1 1 
255 11 1 1 1 
234 11 5 1 1 2 
235 12 
236 11 5 1 1 
237 12 4 
238 12 3 1 1 2 
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Table 13 (Continued). 
P'lot Total 
No. Plants G P 5 4 3 2 Borers 
239 10 4 1 1 2 
240 12 5 1 1 2 
241 11 2 2 2 
242 12 2 1 1 
243 10 3 1 1 
244 10 6 1 1 
245 12 1 
246 11 2 1 1 
247 10 1 1 1 
248 10 3 2 2 
249 12 2 2 2 
250 12 
251 10 1 1 1 
252 12 2 
253 11 2 1 1 
254 13 1 
255 12 2 1 1 2 
256 11 
257 11 1 1 1 
258 8 4 1 1 
259 9 2 
260 12 2 2 2 
261 11 1 
262 13 2 1 1 2 
263 11 2 1 1 
264 10 2 1 1 
265 8 
266 12 
267 13 4 1 1 2 
268 12 2 
269 11 8 1 1 
270 11 5 1 1 
271 12 3 
272 12 
273 10 2 1 1 2 
274 10 3 1 1 
275 10 3 1 1 
276 10 
277 11 3 
278 11 5 1 1 2 
279 10 
280 12 3 1 1 
281 9 4 1 2 
282 11 
283 12 2 1 1 
284 13 2 
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Table 13 (Continued). 
Plot 
No. Plants C P 5 4 3 
Total 
2 Borers 
285 10 4 
286 11 2 
287 12 6 
288 13 6 2 1 3 
289 10 
290 10 • 
291 12 3 
292 9 
293 13 
294 11 
295 11 
296 12 
297 11 
298 12 3 1 1 
299 12 
300 12 ii 1 1 
301 12 2 
302 13 
303 11 
304 11 
305 11 2 1 1 
306 12 
3U7 12 4 2 2 
308 10 
309 il 
310 12 
311 12 
312 11 
313 11 1 
314 12 2 1 1 
315 11 1 
316 8 1 
317 11 
318 11 
319 12 2 1 1 
320 11 
321 11 
322 12 
323 12 
324 9 
